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THE VENTRICULAR GRADIENT IN DOUBTFUL 
ELECTROCARDIOGRAMS 


M. Dotein, M.D., L. N. Katz, M.D. 
CHICAGO, ILL. 


HE evaluation of relatively minor abnormalities of the position of the S-T 

segment and amplitude of the T wave in standard limb leads is frequently 
difficult. Such electrocardiograms cannot be interpreted with certainty and are 
generally classified as borderline, probably normal, or probably abnormal. These 
tracings are common in routine electrocardiographic practice, and none of the 
empirical criteria available at present have proved completely satisfactory in the 
achieving of an unequivocal diagnosis. The problem is particularly important 
when the clinical examination fails to reveal cardiac disease. In such instances, 
depending on the attitude of the clinician and the influence of the electrocardi- 
ographer, a doubtful eiectrocardiogram may be interpreted as signifying the 
presence of heart disease or it may be completely disregarded. Since the diag- 
nostic criteria are ill defined, it is obvious that in either case errors may be made 
which will be of concern to the patient. The need for more reliable methods to 
evaluate doubtful electrocardiograms is apparent. 

In the past few years one such method has been suggested, namely, the cal- 
culation of the ventricular gradient. The ventricular gradient was originally 
described by Wilson! and studied more recently by Ashman and his associ- 
ates.?34.5 The details of the method and its theoretical basis may be found in 
the publications of the latter group. The ventricular gradient is a vector expres- 
sion of local or regional differences in the time-course of repolarization as pro- 
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jected on the frontal plane of the body. In the simplest terms, it is a semi- 
quantitative way of judging the relationships between the QRS and S-T-T 
deflections in the limb leads. It is well known that the time-course and topog- 
raphy of ventricular depolarization determines in part the time-course and 
topography of repolarization,®:’ and that changes in the latter may occur nor- 
mally purely on the basis of changes in the former. In such instances, although 
fairly marked changes in S-T-T may occur, the ventricular gradient remains 
normal. When, however, repolarization is affected by myocardial injury cr 
“strain,”’ the gradient may become abnormal since repolarization is now being 
altered by disease independent of the influence of depolarization. Consequently, 
electrocardiograms which show S-T depressions or small or even inverted T 
waves in one or more limb leads may be normal if they are the result of normal 
variations of QRS, or they may be abnormal if they cannot be explained on the 
basis of the normal variations of QRS. When the alterations are definite, the 
abnormality of the ventricular gradient can be noted by inspection without the 
need of calculation of the gradient. When the changes in S-T-T are less dis- 
tinct, inspection may give only a speculative interpretation and require cor- 
roborative quantitative analysis. 

The present study was designed to compare the interpretation of the final 
ventricular deflection by the empirical method (which in our hands has been a 
sort of crude assay of the gradient) with the calculation of the ventricular gradient 
and to correlate each with the clinical data in each case. It was hoped in this 
way to learn whether our empirical criteria are accurate enough to detect ab- 


normalities of the ventricular gradient in doubtful electrocardiograms. 


METHOD AND MATERIAL 


The ventricular gradient was calculated in 107 electrocardiograms. ‘The 
method used was that described by Ashman.2 The areas subtended by the 
ORS and S-T-T deflections in Leads I and III were determined with the aid of a 
magnifying lens and correction made for error in standardization. The direction 
of the mean QRS (Agas) and T (A;) vectors and the ventricular gradient (G) 
was calculated from the Dieuaide chart, and the magnitude of these vectors 
Agrs, Ar, G, expressed in 4.0 microvolt-second units, was calculated from a 
table constructed by Ashman.? The longitudinal anatomic axis of the heart (H) 
was estimated from diagrams published by Ashman.’ The direction and magni- 
tude of the estimated normal ventricular gradient were derived from tables,® and 
the criteria used to judge a given gradient as normal or abnormal were those 
determined by Ashman in a series of 242 normal subjects.® 

The empirical criteria used by us in electrocardiographic interpretation are 
given in detail elsewhere.’ The clinical cardiac status of each patient was deter- 
mined by history, physical examination, and, in many instances, cardiac fluoros- 
copy and roentgenography. 

The electrocardiograms were divided into two groups. Group 1 consisted of 
forty-eight tracings which were interpreted empirically as being within normal 
limits. These were consecutive records obtained and interpreted in the Heart 
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Station in the routine manner. No selection was exercised, except that a few 
records were discarded because the presence of artefacts made calculation un- 
reliable. In all instances, the empirical interpretation preceded calculation of the 
gradient. Group 2 consisted of fifty-nine electrocardiograms which were inter- 
preted empirically as borderline or probably abnormal, according to the termi- 
nology we use.” In each instance the doubt was created by changes in the S-T 
segments or T waves in the limb leads (S-T depressions and small, flat or 
inverted T waves). Records which showed definite abnormalities of the initial 
ventricular deflection were discarded. Records which showed abnormalities in 
precordial leads were also discarded unless there were associated S-T-T changes 
in the limb leads judged to be questionably abnormal. In twenty-three of the 
fifty-nine cases the empirical changes were nonspecific; in twenty-two the changes 
were suggestive of left ventricular preponderance; in fourteen the changes were 
suggestive of right ventricular preponderance. 


RESULTS 


Group 1. Consecutive Electrocardiograms Interpreted Empirically as Normal.— 
The ventricular gradient was normal in direction and magnitude in forty-six of 
the forty-eight electrocardiograms which were interpreted empirically as normal. 
In one case, a 45-year-old white man with normal blood pressure and without 
signs or symptoms of heart disease, the gradient was deviated 23.7° to the left 
of the estimated normal. This amount of leftward deviation is on the borderline 
of normal. The electrocardiogram showed relatively tall and broad T waves in 
Lead I and inverted T waves in Lead III. The QRS complex in Lead III was 
upright and QRS in Lead I appeared small in relation to the T wave. By inspec- 
tion this record should have been suspected of having a possibly abnormal 
gradient. In another case, a 21-year-old white woman with acute diffuse glomer- 
ulonephritis but without hypertension or cardiac enlargement, the magnitude 
of the gradient was relatively small (2 to 7 units), whereas the estimated normal 
was 7.9 units. This difference is on the borderline between normal and abnormal. 
The electrocardiogram of this patient showed small T waves and S-T segment 
depressions in the limb leads, especially in Leads II and III. Again, empirically, 
the record should have been considered possibly abnormal. 

Forty-one of the forty-eight patients in this group had no demonstrable 
cardiac disease or hypertension. Four patients had arterial hypertension without 
evidence of cardiac enlargement or signs or symptoms of diminution in cardiac 
reserve. The remainder had definite heart disease of the hypertensive or arterio- 
sclerotic types. The correlation between clinical data and electrocardiographic 
interpretation is shown in Table I. It will be noted that the forty-five patients 
without apparent heart disease had normal electrocardiograms according to 
empirical interpretation. The ventricular gradient was normal in forty-three 
patients and borderline in two. The three patients who had definite heart disease 
had normal records empirically and normal gradients. 

The results in this group indicate the following: (1) It is unlikely that 
abnormalities of the relationship of the QRS and the S-T-T components will be 
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undetected by the empirical criteria we employ. (2) Electrocardiograms with 
borderline or abnormal gradients can be expected to show changes sufficient 
to be recognized empirically as at least borderline tracings. 


Group 2. Electrocardiograms Interpreted Empirically as Borderline or Probably 
Abnormal.— 

A. Nonspecific S-T-T Changes (Fig. 1,A): The ventricular gradient was 
normal in direction and magnitude in eighteen and abnormal in five of the electro- 
cardiograms in this group. G was deviated abnormally to the right of the esti- 
mated normal in four records (16°, 37.2°, 31.4°, and 49.4°) and abnormally to the 
left in one record (44°). The correlation between clinical data and electro- 
cardiographic interpretation is shown in Table II,A. In fifteen patients the 
empirical interpretation was “‘borderline,’’ although no apparent cardiac disease 
was present. On the other hand, in this group of patients without apparent 
heart disease the ventricular gradient was normal in fourteen and abnormal 
in only one. However, the gradient was normal in electrocardiograms of two of 
the five patients with definite heart disease. 


TABLE I. Forty-E1GHt ELECTROCARDIOGRAMS INTERPRETED EMPIRICALLY AS NORMAL 
CLINICAL DATA 


HYPERTENSION 
NORMAL WITHOUT DEFINITE 
HEART DISEASE HEART DISEASE 


Number of patients 


Ventricular gradient 
Normal 
Borderline 
Abnormal 


The results in this group indicate: (1) Better correlation exists between the 
clinical data and the gradient than between the clinical data and empirical inter- 
pretation. (2) The majority of borderline electrocardiograms have been “over- 
read”’ in the sense that undue significance has been placed on minor S-T segment 
and T-wave changes. (3) An occasional normal subject may have an abnormal 
ventricular gradient and, conversely, the gradient may be normal in the presence 
of definite heart disease. 


B. Possible Left Ventricular Preponderance (Fig. 1,B): The ventricular 
gradient was normal in nineteen of the twenty-two electrocardiograms in this 
group and abnormal in three. G was abnormally deviated to the right of the 
estimated normal in each of these three records (16°, 33°, 21°). The correlation 
between clinical data and electrocardiographic interpretation is shown in Table 
I1,B. Fifteen of the patients with empirically doubtful records had no apparent 
cardiac disease. The ventricular gradient was normal in fourteen of these patients 


H 4 3 
39 4 3 
2 0 0 
| 0 0 0 
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and abnormal in only one. ‘Two of the three patients with definite heart disease 


had normal gradients. 

The results in this group indicate: (1) Better correlation exists between the 
clinical data and the gradient than between the clinical data and empirical inter- 
pretation. (2) The majority of electrocardiograms have been “overread” 
empirically in the sense that undue significance has been placed on minor S-T 
segment and T-wave changes. (3) An occasional normal subject may have an 


Fig. 1.—Examples of electrocardiograms interpreted empirically as borderline or probably abnormal 
which had normal ventricular gradients. 

A, Nonspecific changes; 73-year-old normal man. 
pression of S-T in Leads I and II. Relatively small T;, G, 
G, 10.9 units; estimated normal G, 17.4 units. 

B, Possible left ventricular preponderance. 60-year-old woman hospitalized for perineorrhaphy. 
Ventricular rate, 91 per minute. Left axis shift. (T wave in 
S wave 


Ventricular rate, 65 per minute. | Slight de- 
plus 63°; estimated normal G, plus 54°. 


No apparent cardiovascular disease. 
CF, is diphasic and abnormal.) Slight depression of S-T in Leads I and II. Prominent 
in Leads II and III. G, plus 10°; estimated normal G, minus 1°. G, 9.3 units; estimated normal G, 
10.9 units. 

C, Possible right ventricular preponderance; 60-year-old man with bronchiectasis. No apparent 
cardiovascular disease. Ventricular rate, 120 per minute. Right axis shift. RS-T in Leads II and 
III depressed. G. plus 87°; estimated normal G. plus 79°. G, 8.2 units; estimated normal G. 107 


units. 


5 
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TABLE II. Firty-NinE ELECTROCARDIOGRAMS INTERPRETED EMPIRICALLY AS BORDERLINE, 
OR PROBABLY ABNORMAL 


Nonspecific (Twenty-three) 


CLINICAL DATA 


NORMAL | HYPERTENSION 

WITHOUT DEFINITE 
HEART DISEASE | HEART DISEASE 
Number of Patients 


5 
Ventricular gradient 
Normal 
Borderline 
Abnormal 


CORRELATION BETWEEN CLINICAL DIAGNOSIS 
AND ELECTROCARDIOGRAPHIC INTERPRETATION 


CORRECT INCORRECT INCONCLUSIVE* 
Empirical interpretation 
Ventricular gradient 


3 
3 


B. 


Suggestive of Left Ventricular Preponderance (Twenty-two) 


CLINICAL DATA 


NORMAL HYPERTENSION 


WITHOUT DEFINITE INCONCLUSIVE 
HEART DISEASE | HEART DISEASE 


Number of Patients 


Ventricular gradient 
Normal 
Borderline 
Abnormal 


CORRELATION BETWEEN CLINICAL DIAGNOSIS 
AND ELECTROCARDIOGRAPHIC INTERPRETATION 


CORRECT INCORRECT 


Empirical interpretation 1: 
Ventricular gradient 


INCONCLUSIVET 


4 
4 


6 
A. 
INCONCLUSIVE 
2 
2 
0 
0 
Po 15 3 3 1 
14 2 2 1 : 
0 0 0 0 ‘ 
1 1 1 0 i 
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Suggestive of Right Ventricular Preponderance (Fourteen) 


CLINICAL DATA 


NORMAL CHRONIC 
PULMONARY DEFINITE INCONCLUSIVE 
DISEASE HEART DISEASE 


Number of Patients 


Ventricular gradient 
Normal 
Borderline 
Abnormal 


CORRELATION BETWEEN CLINICAL DIAGNOSIS 
AND ELECTROCARDIOGRAPHIC INTERPRETATION 


CORRECT INCORRECT INCONCLUSIVE 
Empirical interpretation 3 
Ventricular gradient 9 


*Including one patient with hypertension without heart disease. 
tincluding three patients with hypertension without heart disease. 


abnormal gradient and, conversely, the gradient may be normal in the presence 
of definite heart disease. 


C. Possible Right Ventricular Preponderance (Fig. 1,C): The ventricular 
gradient was normal in twelve of the fourteen electrocardiograms in this group 
and abnormal in two. G was abnormally deviated to the left of the estimated 
normal (30.5°) in one patient with an interventricular septal defect and definite 
right ventricular hypertrophy, and abnormally deviated to the right (16.4°) in 
one patient with pulmonary emphysema but without apparent cor pulmonale. 
The correlation between clinical data and electrocardiographic interpretation 
is shown in Table II,C. Four of the patients with empirically doubtful records 
had no apparent cardiac disease and five had chronic pulmonary disease without 
demonstrable right ventricular hypertrophy. The ventricular gradient was 
normal in all of these patients except one who had uncomplicated pulmonary 
disease. Two of the three patients with definite heart disease had normal gra- 
dients. 


The results in this group indicate: (1) Better correlation probably exists 
between the clinical data and gradient than between the clinical data and em- 
pirical interpretation. (A reservation is necessary since the diagnosis of right 
ventricular hypertrophy clinically or fluoroscopically is often difficult.) (2) The 
majority of electrocardiograms have been ‘‘overread”’ empirically in the sense 
that undue significance has been placed on minor S-T segment and T-wave 
changes. (3) The ventricular gradient may be abnormal in the absence of the 
heart disease and normal in the presence of definite heart disease. 


eC 4 5 3 2 
4 4 2 2 
0 0 0 0 
0 1 0 
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DISCUSSION 


We feel justified in concluding from our results that the empirical criteria 
we use will not overlook abnormal electrocardiograms, but this does not exclude 
the possibility that certain electrocardiograms with abnormal ventricular gra- 
dients may be considered normal empirically by inexperienced electrocardiog- 
raphers. On the other hand, the results are just as clear in indicating that our 
empirical impressions frequently have led us to suspect a possibly abnormal final 
ventricular deflection when the gradient was normal. Better correlation was 
consistently found between clinical data and the gradient than between clinical 
data and our empirical interpretation of such borderline records. 


In general, the empirical suspicion of a doubtful electrocardiogram was 


created by the following findings in the limb leads: 

1. Relatively minor S-T depressions, especially at heart rates over 90 
per minute. In 44 per cent of the fifty-nine doubtful records the ventricular rate 
was over 90. It is known? that normally the ventricular gradient tends to 
deviate to the left in many subjects as the heart rate increases. Empirically this 
is manifested by S-T depressions in the limb leads. 

2. Relatively deep S waves in Lead II when associated with deep S waves 
in Lead III and slight S-T depression in Lead I or II. These findings have 
resulted frequently in the diagnosis of possible left ventricular preponderance. 

3. Rightward shift of the QRS axis in association with slight S-T depres- 
sion in Leads II and III, findings considered suggestive of right ventricular pre- 
ponderance. 

It is necessary, therefore, to recognize these three borderline types of electrc- 
cardiograms as within the range of normal and to realize that the S-T-T changes 
are to be ascribed principally to an accelerated heart rate and to variations in 
the anatomic position of the heart in the thorax. 

In our opinion the principal contribution of the ventricular gradient has been 
the re-emphasis of the fact that ventricular repolarization (S-T-T) can_ be 
evaluated properly only in relation to depolarization (QRS). Hence, exact 
numerical values for the amplitude and duration of the normal T waves in the 
limb leads cannot be given. Thus, a T wave 3.0 mm. in height in Lead I may be 
normal for a QRS, of average height, but may be distinctly abnormal when QRS, 
is very tall or small. An upright T wave in Lead III may be abnormal if the 
S wave is deep. An inverted T wave in Lead I, associated with inverted P and 
ORS complexes, is normal for the subject who has no cardiac disease but an un- 
usual position of the heart in the thorax (mirror image dextrocardia). 

The principle of the ventricular gradient can and should be used in the em- 
pirical interpretation of electrocardiograms, especially in those tracings which 
do not show striking abnormalities. Abnormal deviation of the gradient should 
be suspected in the following limb lead patterns even though no other electro- 
cardiographic abnormalities are present: (1) TT, appears smaller than T;, and 
ORS; is either smaller than QRS,, absolutely small, or inverted. (2) Ts ap- 
pears rather deeply inverted, and QRS, is either smaller than QRS3, absolutely 
small, or inverted. (3) TT, appears small in relation to QRS, and vice versa. 
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It is necessary to point out that the ventricular gradient measures only one 
feature of the limb lead electrocardiogram, the relation of the S-T-T to the QRS 
deflection. The doubtful records chosen for this study were carefully selected to 
include only those in which the S-T-T deflection was the cause for doubt of the 
normality of the limb leads. The relationship between QRS and S-T-T may be 
normal even though other electrocardiographic abnormalities are present.® 
Furthermore, we have found, as have others,’ that the ventricular gradient may 
be normal when definite heart disease is present and that the gradient may be 
abnormal in the absence of heart disease. Consequently, the ventricular gradient 
is not the final or necessarily the most accurate test used in evaluating an electro- 
cardiogram, nor is it a substitute for other standard procedures such as the 
examination of multiple precordial leads. However, when the ventricular gradient 
is abnormal, the electrocardiogram must be considered abnormal. 

It is difficult at present to assign a definite place to the ventricular gradient 
in clinical electrocardiography. The method of calculation currently in use is 
somewhat cumbersome, and a considerable error in measurement may be made 
unless sufficient experience has been acquired and the record is free from artefacts. 
We have checked many of our calculations and can limit the subjective error to 
less than plus or minus 5° for the direction of the vectors and plus or minus 
0.8 to 0.9 units for the magnitude of the vectors. The statistical criteria for the 
normal ventricular gradient may require modification as larger groups of normals 
are studied. The gradient, just as empirical interpretation, may fall in the 
borderline zone between normal and abnormal. In such cases it fails to assist 
in the evaluation of a doubtful S-T segment or T wave. In our experience, 
calculation of the ventricular gradient has proved useful in demonstrating a 
tendency on our part to ‘‘overread”’ certain electrocardiograms as has been 
described. In the experience of others it may help to recognize abnormal records 
which might otherwise have been called normal. We believe that an abnormal 
gradient can be detected by inspection in the majority of cases if the electro- 
cardiographer keeps in mind the principle of the gradient and the normal factors 
which modify it. We recognize that a few electrocardiograms may require actual 
quantitation to evaluate the relationship between the QRS and S-T-T deflections. 


It may be valuable to use the evaluation of the ventricular gradient from 
time to time as a check to correct any tendencies to ‘‘underread” or ‘‘overread”’ 
S-T-T contour deviations in the limb leads. We feel that this might be profitably 
done in other institutions along the lines outlined in this report. 


SUMMARY AND CONCLUSIONS 


1. The ventricular gradient was calculated in 107 electrocardiograms, 
forty-eight of which were consecutive records interpreted empirically as normal, 
and fifty-riine of which were considered borderline or probably abnormal because 
of S-T segment and T-wave changes in the standard limb leads. 


2. The gradient was normal in direction and magnitude in all of the electro- 
cardiograms called normal by inspection, except in two which had borderline 
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gradients. On re-examination, these two records showed empirical changes 
sufficient to warrant a suspicion of abnormality. 

3. In limb lead records called doubtful by inspection, the gradient was 
normal in the majority and better correlation was observed between the gradient 
and clinical data than between empirical interpretation and clinical data. The 
principal empirical changes found to be misleading were the following: 

A. Minor S-T depressions in the limb leads especially at heart rates above 


90 per minute. 
B. Minor depressions of S-T in Leads I or II in association with promi- 


nent S waves in Leads II and III. 
C. Minor S-T depressions in Leads II and III in association with right 


axis shift. 

4. The principle of the ventricular gradient should be applied in the em- 
pirical interpretation of electrocardiograms. Abnormal deviation of the gradient 
should be suspected in the following common limb lead patterns: 

A. Ty, appears smaller than T;, and QRS; is either smaller than QRS,, 


absolutely small, or inverted. 

B. Ts 3 appears deeply inverted, and QRS, is either smaller than QRS;, 
absolutely small, or inverted. 

C. T, appears small in relation to QRS,, and vice versa. , 

5. Abnormalities of the ventricular gradient in electrocardiograms which 
are otherwise normal can be recognized empirically in the majority of cases. 
However, an occasional record may require quantitative analysis. 


We are indebted to Dr. Richard Ashman of New Orleans, La., for writing us at length con- 
cerning his present position in reading and evaluating the ventricular gradient. 
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INTRACARDIAC BLOOD PRESSURE IN HUMAN SUBJECTS AND ITS 
RELATION TO THE RESPIRATORY PHASES 


ANTONIO Battro, M.D.,* Hector M.D., EuGENIo R. 
PIETRAFESA, M.D., AND FRANcIScCO E. LABOouURT, PH.D. 
BUENOS AIRES, ARGENTINA 


EASUREMENTS of the blood pressure in the pulmonary artery have 

been made occasionally in man with open thorax.'®*® Vaccarezza and 
associates® made measurements in men with closed thorax by puncture of the 
pulmonary artery through the thoracic wall. The average blood pressure in 
their patients was 19.21 mm. Hg and in five patients they found variations of 
the blood pressure in connection with respiration. 


Using the cardiac catheterization technique, investigators have obtained 
pressure tracings from the right auricle, right ventricle, pulmonary artery, and, 
in some congenital defects, even from the left auricle, left pulmonary veins, and 
aorta. Lenegre and Maurice,**** using a Claude manometer, determined the 
mean right ventricular blood pressure in fifty-one cases: in fourteen normal per- 


sons it was from 10 to 20 cm. HO; in patients with mitral disease it reached in 
one patient a value of 56 cm. H:O and in two patients with cardiopulmonary 
disease, 26 and 33 cm. HzO. With the same technique they*® measured also the 
mean right ventricular pressure in twenty-two patients with arterial hypertension 
with and without left ventricular failure. 

Cournand and associates"? *.14.27,%,36 obtained pressure tracings with the 
Hamilton manometer. In normal subjects mean intra-auricular pressure varied 
between — 2.0 and +2.0 mm. of mercury. Similar values were obtained in patients 
with pulmonary fibrosis and emphysema, pneumectomy, fibrothorax, kyphoscoli- 
osis, or pneumothorax, in the absence of cardiac insufficiency. On the other hand, 
the right auricular mean pressure was elevated in pulmonary fibrosis and em- 
physema when cardiac insufficiency was present. In normal subjects the right 
ventricular systolic pressure ranged between 18 and 30 mm. Hg and the ventricu- 
lar pulse pressure, between 17 and 26.5 mm. of mercury. In most of the patients 
with chronic pulmonary disease the right ventricular systolic and pulse pressures 
were elevated, but in some cases of advanced pulmonary emphysema they were 
normal. In all of the cases in which heart failure was present systolic and diastolic 
right ventricular pressures were high.’ 

From the ‘‘Instituto de Investigaciones Fisicas Aplicadas a la Patologia Humana de la Academia 
Nacional de Medicina—Donaci6n ‘Préspero Baurin’—Sociedad de Beneficencia de la Capital, Sala de 
‘ardiologia del Hospital Rivadavia.”’ 

Received for publication Dec. 8, 1947. 

*Deceased. 
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Baldwin and associates,* Cournand and co-workers, and Dexter,!’ using 
similar methods or employing an electrical recording system, obtained pressure 
tracings in several cases of congenital malformations from the right auricle, 
right ventricle, pulmonary artery, left auricle, left pulmonary vein, and aorta. 

We have recorded pressures in the right auricle and right ventricle by con- 
necting an intracardiac catheter to a Hamilton manometer and have studied the 
influence of respiration on the intracardiac pressures in normal and in some 


pathologic conditions. 
METHODS 


The method employed was the catheterization of the heart by the technique 
described by Cournand and Ranges."* The pressure recording was made by 
means of a double Hamilton manometer with membranes of different sensitivity. 
The natural frequency was of 32 to 40 cycles per second. The length of the lead 
tubing was about 70 cm. and the distance from the manometer to the camera 
was 1.90 meters. In all the determinations the recording capsule was 10 cm. 
above the plane of the table on which the patient reclined, as recommended for 
the determination of the peripheral venous pressure.** Respiration was recorded 
by means of a Hutchinson pneumograph connected to a Frank capsule. 

Auricular pressures are expressed in mm. H,O and ventricular pressures, 
inmm.of mercury. In tracings from the right auricle the maximum and minimum 
pressures within each cycle were determined. In some patients with chronic pul- 
monary disease but no cardiac insufficiency, the magnitude of pressure variation 
within the cycle was so small that the record was taken as representative of the 
mean pressure. 


RESULTS 


Data were obtained from fourteen subjects: four normal subjects, six 
patients with chronic pulmonary disease, three of whom had cardiac insufficiency, 
and four patients with auricular fibrillation and cardiac failure. Table I shows 
the data obtained. 


1. Normal Subjects.—Right Auricle: The pressure tracings showed varia- 
tions during both phases of the respiratory cycle (Fig. 1). During expiration 
the maximum auricular pressure was always positive, ranging between 10 and 40 
mm. H,O (average, 22.5) and the minimum pressure, between 0 and 12 mm. 
HO (average, 6). During inspiration the maximum value of auricular pressure 
ranged between 0 and 18 mm. H,O (average, 7.5) and the minimum pressure, 
between —8 and —12 (average, —10). The lowest values were osbserved at the 
beginning of inspiration. 


Right Ventricle: Intraventricular pressure was also affected by respiration 
(Fig. 2). Systolic ventricular pressure during expiration ranged between 20 
and 31 mm. Hg (average, 27.25) and during inspiration, between 18 and 26 mm. 
Hg (average, 22.25). Diastolic pressure during expiration ranged between 3 
and 10 mm. Hg (average, 5.75) and during inspiration, between —2 and +2 mm. 
Hg (average, —0.5). 


TABLE I. PRESSURES IN THE RIGHT AURICLE AND THE RIGHT VENTRICLE DURING INSPIRATION 
AND EXPIRATION IN NORMAL SUBJECTS, IN PATIENTS WITH CHRONIC PULMONARY DISEASE 
WITH AND WITHOUT HEART FAILURE, AND IN PATIENTS WITH AURICULAR FIBRILLATION 


AURICLE VENTRICLE 
(MM. H20) (MM. HG) 


INSPIRATION EXPIRATION INSPIRATION EXPIRATION 


MIN. MAX. MIN. 


NORMAL SUBJECTS 
5.) 0 
| 2 | 2 2 
3 10 
(M. di L.) 12 


(A. 
(V. 


Average 5 | 6 


PATHOLOGIC CASES 


Chronic Pulmonary Disease Without Cardicc Failure 


AURICLE VENTRICLE 


INSPIRATION EXPIRATION 
(MEAN PRESSURE)|(MEAN PRESSURE)| 


| 


INSPIRATION EXPIRATION 


MAX. 


£4) 20 
6 (H.E. F.) 0 20 
7 (R. de V.) 16 


Average 18.66 


___ Chronic Pulmonary Disease With Cardiac Failure 
8 (B. di P.) 10 —% 102 70 42 
9 (N. T.) —4 20 12 30 
10 (L. A.) 10 jee 53 46 45 
\verage | 5.33 |-6.33 | 58.33 | 42.66) 39 


Cardiac Failure and Auricular Fibrillation 


AURICLE VENTRICLE 


1 (P.M.) 

12 (R.C. de R.) 
(R. de R.) 
i4 (1. B. de B.) 


verage 


{ Lines and heading above ‘‘Normal Subjects’’ apply to rest of table except that in “Chronic Pul- 
monary Disease Without Cardiac Failure’’ maximum and minimum pressures could not be obtained and 
mean pressure is used. 

*There were no respiratory variations in the right auricular and right ventricular pressures of 
patients with cardiac failure and auricular fibrillation. Therefore, only maximum and minimum 
pressures are given. 


MAX. | = MAX. | MIN. MAX. MIN. 
18 1 20 3 
26 -2 30 t 
21 2 31 10 
22 0 28 6 
22.25} -—0.5| 27 25] 5.75 
| | | 
MAX, ww. | MIN. 
38 —2 | 48 17 
44 —1 53 15 
29 —3 33 0 
37 —2 14. 66] 7.33 
& 56 40 
2 44 38 
4 63 13 
4.66 54.33 19). 33 
MAX.* MIN.* MAX. MIN. 
32 20 51 37 
42 32 62 40 
30 25 48 30 
26 17 52 35 
32.9 23.5 53.25 35.5 
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During deep respiration variations of ventricular pressure became more 
marked; in some cases the diastolic ventricular pressure reached values of —5 
mm. of mercury. 


Fig. 1.—-Normal subject. Above, respiration; below, auricular pressure. 


Espiracion 


Fig. 2..-Normal subject. Above, respiration; below, ventricular pressure. 


2. In Patients With Chronic Pulmonary Disease.—(a) In the Absence of Car- 


diac Failure: This group is composed of three patients with emphysema and pul- 
monary fibrosis; one of them also had right pachypleuritis. The pressure trac- 
ings obtained from the right auricle and ventricle in these patients also showed 
variations due to the respiratory movements (Fig. 3). 

Auricular mean pressure ranged between 16 and 20 mn. H2O during expira 
tion (average, 18.6) and between —8 and +5 during inspiration (average,— 1 

Right ventricular systolic pressure ranged between 33 and 53 mm. He 
during expiration (average, 44.6) and between 29 and 44 mm. Hg during inspira 


14 
: H?0 
= 
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tion (average, 37). Diastolic pressure ranged between 0 and 17 mm. during 
expiration (average, 7.33) and —1 and —3 mm. Hg during inspiration (average, 
—2). 

(b) In the Presence of Cardiac Failure: This group is composed of three 
patients with chronic emphysema and pulmonary fibrosis in whom signs of 
cardiac insufficiency were present. As in the former group, right auricular and 
right ventricular pressure tracings showed variations with the phases of respira- 
tion (Fig. 4). 


Fig. 3.—Emphysema and pulmonary fibrosis in the absence of heart failure. Above, 
respiration; below, ventricular pressure. 


Fig. 4.--Emphysema and pulmonary fibrosis with heart failure. Above, 
respiration; below, ventricular pressure. 


The maximum auricular pressure ranged between 20 and 102 mm. H,O 
luring expiration (average, 58.33) and between —4 and +10 mm. H,O during 
nspiration (average, 5.33). The minimum auricular pressure ranged between 12 
ind 70 mm. H,O during expiration (average, 42.66) and between —22 and +3 
nm. H,O during inspiration (average, — 6.33). 


| 
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Systolic right ventricular pressure ranged between 44 and 63 mm. Hg 
during expiration (average, 54.33) and between 30 and 45 mm. Hg during inspira- 


tion (average, 39). Diastolic right ventricular pressure ranged between 38 and 


43 mm. Hg during expiration (average, 40.33) and between 2 and 8 mm. Hg 


during inspiration (average, 4.66). 


Heart failure and auricular fibrillation; mitral disease and tricuspid insufficiency. Above, 
respiration; below, auricular pressure. 


Fig. 6.—Heart failure and auricular fibrillation; mitral disease. Above, deep respiration; below 
ventricular pressure. After a long diastolic pause the pressure is greater. 


3. Patients With Heart Failure and Auricular Fibrillation ——This group 
consists of four patients with heart failure and auricular fibrillation with rheu- 
matic mitral disease. One of them also had tricuspid insufficiency. 


16 
Ho. 
| 
| 
\ Hy 
: 
6 
nS 2 


BATTRO ET AL.: INTRACARDIAC BLOOD PRESSURE IN HUMAN SUBJECTS 17 


The maximum auricular pressure ranged between 26 and 42 mm. H2,O 
(average, 32.5) and the minimal auricular pressure ranged between 17 and 32 
mm. H.O (average, 23.5), no changes being found during the respiratory cycle 
even during deep respiration (Fig. 5). 


mm. H20 mmHg 


60. 
AURICLE VENTRICLE 


50 


> 


% 


prvarion 


Graph 1.—Average pressure (maximum, minimum) of right auricle and right ventricle in inspiration 
and expiration in normal and pathologic subjects. 1, normal; 2, chronic pulmonary disease without 
cardiac failure; 3, chronic pulmonary disease with cardiac failure; *chronic pulmonary disease without 
cardiac failure (mean pressure). 


Systolic ventricular pressure ranged between 48 and 62 mm. Hg (average, 
53.25) and diastolic ventricular pressure, between 30 and 40 mm. Hg (average, 
35.5), no variations being found during the phases of quiet or deep breathing 
(Fig. 6). 

Graph I shows the values obtained in the different groups. 


DISCUSSION 


In the tracings obtained in normal subjects, the maximum and minimum 
values of auricular and ventricular pressures were higher during expiration and 
lower during inspiration, while the pressure variations during each cycle (differ- 
ential pressure or pulse pressure) did not change. 

Many investigators have shown that blood pressure decreases during 
inspiration in the systemic!*>-§ and the pulmonary cir- 
cuits. 1-3 & 8, 12, 16, 18, 22, 25-27, 33, 34, 36, 37, 42 

Alberti and associates! analyzed the different points of view upon the 
mechanism of these respiratory variations. Working on cats with open thorax, 
in which the heart and the great vessels were not exposed to the variations of 
intrapulmonary pressure, they observed, nevertheless, a decrease in blood pres- 

ure during inspiration. As this inspiratory decrease was present in spite of an 
inspiratory increase of the minute output of the right ventricle,**!** the au- 
hors concluded that it must be due to an increase of the capacity of the pulmonary 
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This last 


vascular bed® 1 1*1%23,38,4%.41 or to variations of the heart rate.***! 
possibility was discarded because in their animals the heart rate was very nearly 


constant. 

The decrease of right intraventricular pressure observed by us during in- 
spiration is probably due, in part at least, to the greater capacity of the pul- 
monary vascular bed during inspiration, which causes a decrease of the peripheral 


resistance in the pulmonary circuit. 

In the mechanism of the pressure variations in the auricle during respiration, 
the action of the elastic fibers of the lungs*® probably plays a role. These fibers 
being stretched during inspiration distend the mediastinum and especially the 
thin walls of the right auricle and in this way produce a decrease of auricular 
pressure. Variations of intrapleural pressure also contribute to the inspiratory 


decrease of auricular pressure. 

In the patients with chronic pulmonary disease without heart failure the 
right ventricular systolic pressure was abnormally elevated in both respiratory 
phases. This increase can be explained by the greater peripheral resistance in 
the pulmonary circuit®! due to the decreased capacity of the pulmonary vascular 
bed, this change being conditioned by the destruction of intra-alveolar septa 
and obliteration of interalveolar capillaries. The right ventricle overcomes the 
increased resistance by increasing its systolic pressure. Diastolic pressure re- 
mains almost normal and hence the right auricular pressure is also normal. 

In patients with chronic pulmonary disease in the presence of heart failure, 
systolic and diastolic pressures in the right ventricle were abnormally elevated 
in both respiratory phases. The increase in diastolic right ventricular pressure 


causes an elevation of auricular pressure. 

In our patients with cardiac failure and auricular fibrillation, maximum 
and minimum pressures in both auricle and ventricle were elevated and no 
changes in these values were observed during respiration. The absence of 
respiratory variations in the pressure tracings of the right ventricle may be ex- 
plained by the assumption that the pulmonary engorgement present in these 
cases does not permit an inspiratory increase of the pulmonary vascular bed. 
The absence of respiratory variations in the pressure tracings from the right 
auricle may be due to the permanent distension of the auricles caused by fibrilla- 
tion; the traction of the elastic pulmonary fibers and the variations of intra- 
pulmonary pressure would be then incapable of distending further the auricular 


cavity. 


SUMMARY 


By means of the cardiac catheterization technique and a Hamilton mano- 
meter, pressure tracings were obtained from the right auricle and ventricle in 
four normal subjects, in six patients with chronic pulmonary disease, and in four 
patients with auricular fibrillation and heart failure. 

A study was made of the influence of respiration on the intracardiac pressures. 


In normal subjects the average maximum pressure in the auricle was 22.5 


mm. H,O during expiration and 7.5 mm. H2O during inspiration; the averag« 
minimum pressure was 6.0 mm. H,O during expiration and —10 mm. H2O during 
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inspiration. The average systolic blood pressure in the right ventricle was 27.25 
mm. Hg during expiration and 22.25 mm. Hg during inspiration; the average 
diastolic pressure was 5.75 mm. Hg during expiration and —0.5 mm. Hg during 
inspiration. 

In patients with chronic pulmonary disease in the absence of heart failure, 
only the right ventricular systolic pressure was elevated. Systolic pressure in 
the right auricle and diastolic pressure in the right ventricle were normal. 

In patients with chronic pulmonary disease in the presence of heart failure, 
both systolic and diastolic right ventricular pressures were elevated. Auricular 
pressures were also elevated because of the hindrance of auricular emptying 
which resulted from the increased diastolic ventricular pressure. 

In normal subjects and in patients with chronic pulmonary disease, with or 
without heart failure, intra-auricular and intraventricular pressures were lower 
during inspiration and higher during expiration. The respiratory variations of 
intra-auricular pressure are ascribed to (1) variations in the intrapleural pressure, 
and (2) action of the elastic fibers of the lungs which, during inspiration, distend 
the auricular walls. The respiratory variations of intraventricular pressure are 
ascribed to (1) variations in the intrapleural pressure and (2) decreased periph- 
eral resistance in the pulmonary circuit during inspiration. 

In patients with heart failure and auricular fibrillation, maximum and mini- 
mum pressurgs in the right auricle and right ventricle were abnormally elevated 
and did not change during respiration. The lack of respiratory variation in the 


pressures in the right auricle and in the right ventricle is ascribed to repletion 
and distention of the right auricle and to pulmonary stasis, respectively. 


The authors desire to express their appreciation to Dr. Eduardo Braun Menéndez for his 
help in the preparation of this paper. 
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TRANSIENT VENTRICULAR FIBRILLATION 


THE PREFIBRILLARY PERIOD DURING ESTABLISHED AURICULO- 
VENTRICULAR DISSOCIATION WITH A NOTE ON THE PHONO- 
CARDIOGRAMS OBTAINED AT SUCH TIMES 


SIDNEY P. Scuwartz, M.D., Jack OrLorr, M.D., 
AND CHARLES Fox, M.D. 
New YorK 


HE increasing number of patients with recurrent syncopal attacks in the 

presence of auriculoventricular dissociation has revealed that transient 
ventricular fibrillation is much more commonly the cause of Adams-Stokes 
seizures than has been considered hitherto.!. Unfortunately, in some respects, 
the fleeting and unpredictable nature of this arrhythmia, as well as the paucity 
of observations on the successive changes that take place in its development, 
has caused confusion in the interpretation of electrocardiograms obtained on 
such patients.2. Indeed, physiologists accustomed to having many of their 


crucial experiments terminated by ventricular fibrillation are still skeptical of 
the existence of such transient forms of this arrhythmia in man.’ It is the pur- 
pose of this study to call attention to the alterations in the rhythm of the heart 
that preceded periods of transient ventricular fibrillation in three patients with 
auriculoventricular dissociation. The similarity of their abnormal rhythms 


when observed over a prolonged period and the identical manner in which they 
behaved leave no doubt that transient ventricular fibrillation is a definite entity 
which should not be confused with any other ventricular irregularity. The 
simultaneous registration of the heart sounds with the electrocardiograms in 
these patients confirms this belief. 


REPORT OF CASES 


Case 1 (History No. 39722).—Y. S., a woman 52 years of age, was admitted to the Monte- 
fiore Hospital on Sept. 19, 1945, and died on Jan. 1, 1946. Her chief complaints were severe 
occipital headaches, dizziness, and recurrent periods of unconsciousness of approximately six 
months’ duration. 

She was perfectly well until the spring of 1945 when she sought admission to the Mt. Sinai 
Hospital for the relief of recurrent episodes of loss of consciousness. When first examined, she 
showed a slow heart rate which averaged 24 beats per minute. Her blood pressure was 180/50. 
During one of her seizures she was found to be in stupor, breathless, cyanotic, and pulseless. 
As she revived spontaneously it was noted that her heart rate varied within a short interval from 
84 to 32 beats per minute. Later such variations were also found prior to her attacks. 


From the Medical Division of the Montefiore Hospital for Chronic Diseases, New Tork City. 
Received for publication Dec. 31, 1947. 


21 


22 AMERICAN HEART JOURNAL 


Following an intramuscular injection of atropine sulfate (grain 1/120), her electrocardio- 
grams changed from auriculoventricular dissociation with a ventricular rate of 32 beats per 
minute to sinus rhythm with a rate of 64 beats. Because of the ease with which her heart block 
reverted to normal rhythm, it was suspected that her syncopal attacks were due to “standstill” 
of the ventricles in the transition period from normal rhythm to auriculoventricular dissociation. 
It was thought advisable to digitalize her rapidly and thus avoid such periodic stoppages of the 
ventricles by producing a fixed auriculoventricular rhythm. 

On her discharge from the Mt. Sinai Hospital she was advised to continue taking 1)% grains 
of digitalis each morning. On May 24, 1945, while still taking digitalis, she began to experience 
recurrent syncopal attacks. She also complained of “‘yellow” vision, and since her new symptoms 
were attributed to digitalis toxemia, this drug was stopped. She was then given ephedrine sulfate 
in 3/8 grain doses, three times a day. 

For the ensuing two weeks her ventricular rate averaged 30 beats and her auricular rate 
124 beats per minute, with auriculoventricular dissociation present constantly. 

She was readmitted to the Mt. Sinai Hospital on June 10, 1945, because of recurrent attacks 
of unconsciousness which numbered as many as 100 per day. These lasted from a few seconds 
to about five minutes each. An electrocardiogram obtained during one of the longer seizures was 
reported as showing a mechanism that “resembled ventricular fibrillation or ventricular tachy- 
cardia” with a ventricular rate of 225 to 250 per minute. Numerous ectopic ventricular beats 
were likewise present during auriculoventricular dissociation when the ventricular rate averaged 
34 beats per minute. 

Physical examination on admission to the Montefiore Hospital revealed an unconscious 
woman who had just experienced a prolonged Adams-Stokes seizure. She was cyanotic and her 
breathing was of the Cheyne-Stokes type. Her skin was cold, moist, and clammy. Her pupils 
were widely dilated. They both reacted to light and were in accommodation. Her widened 
retinal veins pulsated forcibly with each ventricular systole. The apical impulse of her heart 


was palpable in the fifth intercostal space in the left mid-axillary line. The first apical heart 
sound was obscured by a loud systolic murmur best heard in the first intercostal space near the 
left sternal border. ‘The aortic second sound was accentuated. The heart rate averaged 144 
beats per minute. The rhythm was regular. The blood pressure was 180/80. The edge of the 
liver was palpable 4.0 cm. below the costal margin. ‘There was moderate edema of both lower 


extremities. 

While she was examined her heart rate gradually slowed to 35 beats per minute with inter- 
ruption of the rhythm by alternate premature beats of the ventricles. With the slowing of the 
heart rate she opened her eyes. Her speech, at first unintelligible, cleared within eight minutes 
after her admission. She could not recall her last episode of unconsciousness. 

During her stay in the hospital, she was under constant observation and numerous correla- 
tions were made between her clinical manifestations and electrocardiograms as well as heart 


sound tracings. 


Cask 2 (History No. 40789).—S. G., a man 49 years of age, was admitted to the Montefiore 
Hospital on March 9, 1946, and discharged on July 27, 1946. His chief complaints were “recur- 
rent periods of loss of consciousness” to which he referred as ‘‘blackouts.”” He was unable to pre- 
dict their onset and duration, although he had had these attacks for six years. 

He was well until Feb. 4, 1940, when he was advised to go to bed because of shortness of 
breath and some vague swelling of his legs. At that time his physician discovered heart block 
with a ventricular rate of 32 beats per minute. Because of the presence of fever and an aortic 
insufficiency, it was thought that the patient's symptoms were due to an exacerbation of rheumatic 
fever. ‘Three weeks later, while sitting at dinner one evening, he suddenly slumped over the 
table and lost consciousness. He recovered within two minutes and felt perfectly well for the 
rest of the night. During the ensuing weeks, however, he experienced numerous similar seizures 
which appeared at times as often as every ten minutes, both during day and night. He could 
not relate a single factor to his troubles. He had been conscious of a ‘‘double” beating of the 
heart before their appearance. Often there would be severe palpitations of the heart before a 
longer attack. This would be followed by dizziness and an oppression in the chest which seemed 
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to start in the precordial area and spread to the neck and head. ‘This would be followed by a 
complete “blackout.” After the longer and more severe attacks, he would awaken with marked 
breathlessness and again become conscious of severe palpitation of the heart which lasted for 
a few minutes before he felt well again. 

In March, 1940, during one of his free intervals when his heart rate averaged 32 beats per 
minute, he received 0.5 c.c. of epinephrine hydrochloride (1:1,000 solution) intramuscularly with 
a view of determining the influence of this drug on his cardiac mechanism. Electrocardiograms 
obtained during the next thirty minutes revealed a slight acceleration of the auricular rate without 
any change in the rate of the ventricles. ‘Twenty minutes later, that is, fifty minutes after the 
injection, he showed only a ventricular rate of 32 beats per minute without any other changes 
in the heart rhythm. 

During the next few years the attacks subsided in their severity and duration until Feb. 11, 
1943, when he had to be readmitted to the Knickerbocker Hospital because he fell and suffered a 
concussion of the brain with a fracture of the left malar bone at the junction of the frontal process 
with the body. He left this hospital on March 15, 1943, and remained in bed for the next few 
months almost free from severe attacks. 

In the summer of 1944 there was a recurrence of these periods of unconsciousness and the 
patient consented to enter the Mt. Sinai Hospital in September, 1944, where he remained for 
only a short period. He had to be readmitted on Dec. 30, 1944, and remained there until Jan. 
21, 1945. 

He was at home, an invalid, for the rest of that year, without many seizures until Nov. 4, 
1945, when the syncopal attacks returned with increasing frequency and duration until they 
became so numerous that he entered the Montefiore Hospital for relief. 

Physical examination at this time revealed him to be free from dyspnea and cyanosis. His 
pupils were in mid-dilatation. They both reacted to light and were in accommodation. His 
retinal veins were dilated. The apical impulse of his heart was palpable in the fifth intercostal 
space 3.0 cm. to the left of the left mid-clavicular line. ‘The first apical heart sound was obscured 
by the soft, blowing, systolic murmur heard best to the left of the left fifth costosternal junction. 
A diastolic murmur was likewise heard in the same region. ‘This was transmitted to the apical 
region of the heart. The heart rate averaged 32 beats per minute and the rhythm was regular. 
The blood pressure was 160/60. The lungs were free from moisture. The liver and spleen were 
not palpable. There was no edema of the lower extremities. 

Throughout his stay at the Montefiore Hospital he was seen in numerous attacks, and a 
variety of experiments were carried out with a view of determining the best methods of treating 
him. 

At present he is still under observation, although his attacks are not as severe. 


CAsE 3 (History No. 31311).—M. S., a man 62 years of age, was admitted to the Montefiore 
Hospital on July 20, 1939, and died on Dec. 20, 1939. His chief complaints on admission were 
“attacks of blindness” with recurrent seizures of ‘“‘severe tremors of the body”’ of nine weeks’ 
duration. 

He was known to have an elevated blood pressure for the past twenty years. Occasionally 
he complained of crampy pains in his chest on exertion as well as at rest. Nine weeks before 
admission he was awakened at 2:00 A.M. one morning by a “buzzing” sensation of his whole 
head, ‘‘as if a 40-pound weight” were on it. Soon there was a “feeling of blood rushing to his 
eyes” so that he felt “‘blinded” for periods of a minute at a time. This was accompanied by tremors 
of his whole body, warmth about the head, marked perspiration, and a fear of impending death. 
He was unable to talk after this episode. In the next twenty-four hours he experienced four such 
severe seizures, each one leaving him more confused and in a weakened condition. 

He was in constant fear of these attacks ever since their onset, and, because of their increas- 
ing frequency and duration and their lack of response to any form of medication, he entered the 
Montefiore Hospital on July 20, 1939. 

Physical examination on admission revealed a slightly dyspneic and cyanotic individual whose 
eye grounds revealed moderate arteriolosclerosis. ‘The apical impulse of his heart was neither 
palpable nor visible because of the contour of his chest. The apical heart sounds were of good 
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quality. The heart rate averaged 36 beats per minute. ‘The blood pressure was 185/74. The 
lungs were free from moisture. ‘The liver and spleen were not palpable. There was no edema 
of the lower extremities. His prostate was large and firm. ‘The urine revealed 3 plus albumen 
with numerous pus cells as a result of a chronic cystitis that was intractable to treatment. 

During his stay in the hospital, the patient was seen in numerous attacks, some of which 
were recorded at night while he was asleep. The onset of these seizures could be recognized bv 
the observation of the sudden development of a deathly paller of the face, associated with moan- 
ing for a few seconds and followed by a sudden appearance of intense cyanosis with apnea. Con- 
vulsive seizures would follow and these would be associated with incontinance of feces and of 
urine. In less than one minute there was a sudden intense flush of his face accompanied by 
screaming of unintelligible words with a complete return to consciousness thirty seconds later. 
The ventricular rate after one such attack averaged 140 beats per minute before there was a return 
to the basic level of 32 beats within one minute and twelve seconds. 

Numerous drugs were tried to control these seizures but none was effective. The patient 
died in one of these attacks on Dec. 20, 1939, after he fell in the bathroom and struck his fore- 


head. 


DISCUSSION 


The Basic Ventricular Rate—The ventricular rate of these patients during 
established auriculoventricular dissociation averaged 28 to 36 beats per minute 
at a time when they had been free from syncopal attacks for at least twenty- 
four hours and when they were not receiving any medication or oxygen in- 
halations. It was not influenced by respirations or by pressure over either of 
the carotid sinuses. There was a spontaneous lowering of the ventricular rate 
of an average of 5 beats per minute during sleep, as compared with the ven- 
tricular rate during waking hours. At such times the rhythm of the ventricles 
was perfectly regular. 

Phonocardiograms, recorded simultaneously with electrocardiograms from 
the apical region of the heart (Cases 2 and 3),showed some of the characteristic 
features that are usually observed with auriculoventricular dissociation.4 The 
intensity of the first two heart sounds, as judged by the frequency, amplitude, 
and form of the vibrations associated with them, depended in a measure on 
the fortuitous proximity of the auricular beats to the ventricular contractions. 
For example, in Fig. 2,4, Complex P,; occurs 0.2 second before R;. The am- 
plitude and frequency of the vibrations associated with Complex R,; are more 


prominent than the amplitude and vibrations associated with R, in Fig. 2,B 
where P,; precedes R,; by 0.4 second. In this record, the longer duration of the 
first heart sound (0.24 second) was the result of a systolic murmur which was 


observed clinically to obscure part of the first apical heart sound. 

The first apical heart sound was invariably louder during the prefibrillatory 
periods, as compared with the intensity of the first heart sound during the 
postfibrillatory periods. (Compare the amplitude and frequency of vibrations 
of the first heart sound in Fig. 1,4 with those of the first heart sound in Fig. 
1,B.) It is very likely that the contractility of the heart muscle is affected by 
the asphyxial states that follow transient periods of ventricular fibrillation. In 
previous studies,® attention was called to the fact that sometimes the heart 
sounds were inaudible following spontaneous recovery of the heart after pro- 
longed periods of transient ventricular fibrillation. The electrical deflections 
obtained in the electrocardiograms at such times were of low voltage and almost 
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on an isoelectric level. It would appear that not only had the contractility 
suffered but that the previous asphyxial states during ventricular fibrillation 
had also influenced the difference of electrical potential in the heart muscle. 


Fig. 2.—A, The amplitude, frequency, and duration of the first and second heart sounds of a basic 
ventricular beat are greater than those of an “‘initial’’ premature beat of the ventricles. 3B, At times, 
a second premature beat, X», which follows the initial premature heat may be so frustrated that it 
lacks heart sounds. C, The “‘initial’’ premature beat of the ventricles, X;, has a heart sound associated 
with it. No heart sounds are visible with the fibrillary waves, f; and fs, which follow it. D, A fibrillary 
wave, fj, May at times be followed by premature ventricular beats, X;, and Xs, which have heart sounds 


associated with them. 


Slight variations in the basic ventricular rates were observed in the electro- 
cardiograms when the ventricular complexes changed in direction from a dex- 
trocardiogram to a levocardiogram, and vice versa. These changes must be 
inherent in the auriculoventricular pacemaker of the heart, for the auricles 
were not influenced by the hastening of the ventricles at such times and their 
rhythm remained regular. 


The variations in the basic ventricular rate became more marked from 


moment to moment preceding and following a syncopal seizure so that fre- 
quently a ventricular rate that averaged 32 beats per minute was found to have 


doubled itself when counted a few minutes later. 
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Two distinct mechanisms were responsible for these variations. One con- 
sisted of a uniform acceleration of the ventricles due to progressive shortening 
of the sphygmic interval from beat to beat. The impulses must have arisen 
from the saise focus in the auriculoventricular node since the electrocardio- 
grams obtained at such times revealed the QRS complexes to be almost identi- 
cal to each other in shape, size, and form.’ The other type of acceleration was 
associated with changes in the pacemaker of the ventricles from the auriculo- 
ventricular node to one of the bundles with simultaneous changes in both the 
ventricular complexes of the electrocardiograms as well as the ventricular rate. 


The ‘‘Initial’’ Premature Beats of the Ventricles—In addition to the vari- 
able alterations in the auriculoventricular pacemaker described, each seizure of 
transient ventricular fibrillation was invariably preceded by premature beats 
of the ventricles. In numerous electrocardiograms obtained on these patients 
not a single instance was recorded without the presence of such premature beats 
of the ventricles appearing before the onset of transient ventricular fibrillation. 

The time of their appearance and their duration was unpredictable from 
moment to moment. At first they appeared singly so as to form a bigeminal 
rhythm with the basic ventricular complexes arising from the auriculoven- 
tricular node. (In Fig. 2,4, Complex X; is a single premature beat of the ven- 
tricles.) No matter what shape, size, form, or direction they exhibited, they 
were found to be at a relatively fixed distance from the basic ventricular com- 
plexes. For example, in Fig. 1,D, Complexes S; and R; represent basic im- 
pulses arising from the auriculoventricular node or from one of the bundles in 
its proximity. They are equidistant (0.72 second) from R,; and Se, respec- 
tively; two different types of ‘‘initial’’ premature beats in the same record. 

Again, the amplitude, duration, and form of these “‘initial’’ premature 
beats resembied each other from moment to moment even when such records 
were obtained months apart. The similarity of these initial beats in any one 
record preceding a transient seizure of ventricular fibrillation is an index that a 
constant and definite focus in the ventricles originates the stimulus for their 
production. Nevertheless, it is very likely that, in any one patient, the ‘‘in- 
itial’’ premature beats of the ventricles have their orgin from the same stimulus 
within the ventricles, no matter what their shape, size, or form may be; for 
the distances from the basic ventricular complexes and the “‘initial’’ premature 
beats were always the same. 

In the development of experimental ventricular fibrillations following 
electric shock, it appears important to stimulate repeatedly a definite spot in 
relationship to anatomical landmarks. According to Wiggers’ the probability 
looms large that the route of spread of the “‘initial’’ premature beats over the 
muscle bundles is a factor in the induction of fibrillation. Again, Moe, Harris, 
and Wiggers* have recorded three simultaneous electrocardiograms from the 
dog’s ventricles following a systolic direct current shock (0.02 second). These 
revealed that the beats nearer the stimulated locus, even when these were on 
opposite ventricles, were aberrant in configuration, whereas those from a more 
distal region retained their spike-like characteristics, suggesting that the latter 
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were excited from a more nearly normal direction and probably over the regular 
Purkinje network. 

These ‘‘initial’’ premature beats of the ventricles were audible at the apical 
region of the heart but in diminished intensity as compared with the basic 
ventricular heart sounds. The phonocardiograms recorded simultaneously with 
their presence showed a markedly diminished amplitude and duration of the 
vibrations associated with the first and second sounds of the premature beats. 
(Compare in Fig. 2,D the vibrations of the first and second sounds of Ri, a 
basic ventricular complex, with those of Complex X;, a premature beat of the 
ventricle.) Furthermore, whereas the first apical heart sound of the basic 
ventricular beats appeared after the beginning of the QRS complex, preceding 
the R wave by a very short interval, the first heart sound associated with the 
premature beat appeared after the QRS complex. (In Fig. 2,4 and C, compare 
the phonocardiograms associated with X, and those of R;.) 


Deformed Ventricular Complexes in the Electrocardiogram of the Premonitory 
Period.—At irregular intervals, in the periods preceding transient seizures of 
ventricular fibrillation, there were noted marked changes of the QRS com- 
plexes and T waves of both the basic ventricular deflections as well as the ‘“‘in- 
itial’’ premature beats of the ventricles (Figs. 4 and 5). At such times, the 
complexes forming the basic ventricular rhythm were variable from moment 
to moment. (In Fig. 4, compare Complex S; with Complex R; and R; with 


S». In Fig. 5, compare the basic ventricular complexes in A, the control record, 
with those in B, obtained 144 minutes before a major syncopal attack due to 


transient ventricular fibrillation.) 

The accompanying S-T interval of these deflections was shortened and 
the succeeding T waves in the electrocardiograms became progressively larger 
in size from beat to beat. They were variably deformed and markedly nega- 
tive. (In Fig. 4, compare the T waves of Complexes R;, Re, and R; with those 
of Sse, S3, and S,.) 

The deformity of the T waves was apparently related to the time of the 
appearance of the “‘initial’’ premature beats which followed the basic ventricu- 
lar deflections. They were independent of the superimposition of the auricular 
deflections that may have appeared fortuitously on the T waves. (In Fig. 4, 
Complexes X», X 3, and X,4 represent one-half or a portion of an “‘initial’”’ pre- 
mature beat which arises just at the beginning of the ascending limb of the 
markedly negative T wave which follows Complexes R;, Re, and R3, all of 
which are upwardly directed. Similarly, Complexes X;, X¢, and X7 represent 
portions of an “‘initial’’ premature beat of the ventricles that is likewise in- 
scribed at the beginning of the descending limbs of the T waves accompanying 
the basic ventricular deflections S., S;, and Sy, of which all are downwardly 
directed.) 

Note is made that the distances between all of the basic ventricular com- 
plexes, whether they are upwardly directed or downwardly directed, and the 
“‘initial’’ premature beats of the ventricles that followed them are all identical. 
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The ventricular complexes and the T waves of such “‘initial’’ premature 
beats of the ventricles formed unusually bizarre electrocardiograms that have 
never been observed to precede any other form of ventricular irregularity in 
the human heart except transient ventricular fibrillation. 

However, such deformed ventricular deflections have been noted by De 
Boer® in the electrocardiograms of the frog’s heart after digitalis poisoning or 
after the repeated application of a single induction shock to the bloodless frog's 
heart. He attributed these deformities to the fact that, at such times, the 
whole muscle of the ventricles contracted in fractions and, according to him, 
such brief ‘“‘delirium’’ of the ventricles of the heart represented a linking to- 
gether of fractionated ventricular systoles. 

It should be obvious from these observations that while such deformed 
ventricular contractions in the electrocardiogram may be the forerunner of a 
period of ventricular fibrillation, in themselves they do not constitute a fibril- 
lary process. As has been pointed out, in the human heart there is quite a 
distinction between multiple premature beats of the ventricles and the fibrillary 
process as judged from correlated acoustic and electrocardiographic studies. 


The ‘Initial’ Fibrillary Periods of the Ventricles——The perpetuation of 
the ventricular fibrillary process in man during established auriculoventricular 
dissociation appears to be conditioned by the recurrent development of short 
periods of ventricular fibrillation that increase progressively in duration before 
the longer periods appear. Such a mechanism is unique for the human heart and 
has never been observed or produced in the experimental animal. 

Occasionally, there were added to the ‘‘initial’’ premature beats of the 
ventricles other extrasystoles, singly or in groups of three or four at one time. 
These were separated from each other by irregular intervals. As a rule, these 
successive premature beats were audible at the apical region of the heart and 
their pulses were palpable over the radial arteries. Each one of these had 
associated with it a distinctly registered heart sound in the phonocardiograms. 
(In Fig. 1,C, Complexes X,, Xo, and X3, three distinct premature beats of 
the ventricles, have associated with them distinct vibrations in the phonocar- 
diograms.) During their presence the auricles continued to beat regularly. (In 
Fig. 1,C note the equidistant P waves during the presence of these premature 
beats of the ventricles.) 

At times the last of a series of such short runs of premature beats was 
louder than the others. (In Fig. 1,C compare the amplitude of the vibrations 
in the phonocardiograms of the last of the premature beats X; with those of 
X, and Xz. In Fig. 2,D compare the phonocardiograms of X» and X3; with 
those of X;.) 

At other times the second sound of the last extrasystole was barely audible. 
(In Fig. 2,B, note the vibrations associated with the premature beat X>2.) 


These premature beats were different in shape, size, and form from other 
widely aberrant ventricular complexes that sooner or later followed the “‘initial’’ 
premature beats of the ventricles in an unpredictable manner. (For example, 
in Fig. 2,C and D compare X;, a premature beat of the ventricle, with the 
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ventricular oscillation marked f,; and the premature beats X2 and X;. In Fig. 
1,C, compare the premature beats X,, X2, and X3; with the oscillations f,, fo, 
fs, and f,; marked in Fig. 1,D.) These widely aberrant complexes likewise ap- 
peared at times singly (Fig. 2,D, f1), in groups of two, or as a succession of five 
or more (Fig. 1,D, f1, fz, fs, f4 and Fig. 1,£ beginning with f,). In the early 
phases, following the “‘initial’’ premature beat of the ventricle, these oscillations 
resembled each other and constituted the “‘initial’’ phases of ventricular fibril- 
lation. From their similarity in shape and size and form and their apparent 
identical points of origin just at the beginning of the descent of the T wave of 
the “‘initial’’ premature beat (compare the ff waves in Fig. 2,C and D), the im- 
pression is gained that transient ventricular fibrillation may consist of a single 
oscillation (Fig. 2,D, fi), two oscillations (Fig. 2,C, f; and fz), or any number 
thereafter that may add up to several hundred (Fig. 1,£, fi). Note is 
made that during their presence no distinct heart sounds were heard clinically. 
The pulses associated with these oscillations in the electrocardiogram were not 
palpable. The phonocardiograms registered no oscillations of a distinct nature 
with any of these fibrillary waves. (Note that in Fig. 2,C, fi; 2,D, f:; and 1,£, 
fi, no oscillations are registered in the phonocardiogram. ) 


The Cardiac Mechanism Terminating the Initial Fibrillary Periods.—Of par- 
ticular interest was the varied manner in which these short fibrillary periods 
were ended and the basic rhythm restored with the return of the auriculoven- 
tricular complexes. 

1. Occasionally, a short run of three or four fibrillary waves would be 
interrupted by a single premature beat of the ventricle. This would in turn be 
followed by a single fibrillary wave that finished that period of irregularity. 
Clinically, a long heart silence ensued. Part of this was due to the absence of 
heart sounds during the fibrillary period and part of it was due to absence of 
effectual ventricular contractions during a time when only auricular beats were 
present. A basic and effectual ventricular contraction then appeared after 
three or four auricular deflections. This type of cardiac mechanism may be 
seen best in Fig. 3. In the fourth section of this continuous strip, two fibrillary 
waves with questionable vibrations in the phonocardiograms precede a pre- 
mature beat of the ventricle (X). This extra beat has associated with it pro- 
nounced acoustic vibration, as may be judged by the presence of the first and 
second heart sounds registered above it. No vibrations are associated with the 
single fibrillary wave which follows it and which ends this short run of fibrilla- 
tion. Six auricular complexes follow this fibrillary wave immediately, before 
there is a return of the basic ventricular complex ($3). Note is made that this 
terminal fibrillary wave does not end with a postundulatory pause. If a post- 
undulatory pause is present, it cannot be recognized as such since the fortuitous 
presence of an auricular complex or the down stroke of the fibrillary wave masks 
it. The auricles are not disturbed in their regular sequence during such periods. 


2. Sometimes a single premature beat of the ventricle would terminate a 
short run of this type of fibrillation. This extra beat could be recognized in 
the electrocardiogram by its different shape, size, and form and direction from 
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the preceding fibrillary waves. (In Fig. 4, Xs is a premature beat which ends 
the preceding fibrillary period.) More often, either a single premature beat 
(Fig. 1,D, Xs) or a succession of two premature beats (Fig. 2,D, X»2 and X33) 
would end a short run of fibrillation. This would in turn be followed immedi- 
ately by the basic ventricular complex. (In Fig. 1,D, Ry is a basic ventricular 
complex. ) 


Fig. 3.—A prefibrillary period lasting thirty seconds. Note the variability of the sphygmic interval 
between the basic ventricular beats. 


When the premature beats were of short duration, or either partial or 
fractionated (Fig. 1,D), they could not be recognized in the electrocardiograms. 
However, the phonocardiograms obtained simultaneously with them easily 
distinguished them from the apparent fibrillary waves. In Fig. 2,D, f; is not 
accompanied by any acoustic vibrations, but X» and X; are. These premature 
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beats of the ventricles have both of their heart sounds registered. In Fig. 1,D, 
fs, the last of the fibrillary waves lacks the acoustic vibrations that are shown 
by X4, a premature beat of the ventricle. Without the accompanying phono- 
cardiograms of such electrocardiographic deflections, premature beats could not 
have been recognized. 

3. Again, initial fibrillary periods of two (Fig. 2,C, f:and fz) or more fibril- 
lary waves (Fig. 5, fi, fe, and f3) may end abruptly and be followed by three or 
four auricular deflections before the basic ventricular complexes assert them- 


selves. 


The Clinical Manifestations of the Prefibrillatory Period.—The unpredict- 
able appearance of the number of ‘‘initial’’ premature beats and short fibrillary 
periods that preceded a major syncopal attack yielded a most unusual clinical 
picture that deserves emphasis. The irregular interposition of these ‘“‘fraction- 
ated”’ extrasystoles and ineffectual ventricular contractions due to fibrillary 
waves caused the sphygmic interval of the basic ventricular complexes to be 
quite variable. For example, the normal sphygmic interval of the basic ven- 
tricular complexes at a time when the patient was free from such seizures aver- 
aged 2.16 seconds. Fig. 3 represents a prefibrillatory period of thirty seconds’ 
duration. The time interval between the basic ventricular complexes as 
a result of the irregular interposition of both “‘initial’’ premature beats of the 
ventricles and short fibrillary periods was as follows: 


3.60 seconds 


to S; 
to 
to 


With each effectual ventricular contraction observed simultaneously in 
the electrocardiogram with a ventricular complex originating in the auriculo- 
ventricular pacemaker of the heart, the color of the skin was of a pinkish red 
hue. With a progressive diminution in the oxygenated blood to the periphery 
resulting from the presence of ineffectual ventricular contractions, the color of 
the skin became progressively paler. There then appeared alternation of red- 
ness and pallor of the skin, depending upon the presence of these factors. This 
would last as long as the prefibrillatory period persisted. Since no other clinical 
condition is known to produce such manifestations, it is fair to assume that a 
clinical diagnosis of syncopal attacks due to ventricular fibrillation may be sus- 
pected from such findings. In each one of our patients, it was possible to pre- 
dict this cardiac mechanism from such clinical observations. 


Again, as may be judged from phonocardiograms, the audibility of these 
extra beats became progressively weaker after the basic ventricular beat. Co- 
incident with this, the radial pulses associated with such ineffectual beats be- 
came progressively weaker so that by listening to the heart sounds, palpating 
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Fig. 4.—Deformed ventricular complexes in the prefibrillary period. Note the ‘‘semipremature 
ventricular beats,’’ Xo, X;, Xi, and X;, causing the deformity of the T waves preceding them. Xs is 
a premature beat of the ventricles terminating a short run of ventricular fibrillation. 


Fig. 5.—A, The basic ventricular rhythm. B, Deformed ventricular complexes initiating a short 
run of ventricular fibrillation. 
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the pulses, and at the same time watching the color of the skin, it was easy to 
discern clinically the sequence of events taking place in the heart in the order 
revealed by simultaneous electrocardiograms. 

Furthermore, the repeated diminution of oxygen to the brain following 
such abnormal rhythms of the heart resulted in a clouding of the sensorium; 
attention became poor; words were difficult to pronounce; the speech became 
unintelligible; the respirations became deeper with sighing as a prominent fea- 
ture; at such times breathing was spasmodic and resembled the Cheyne-Stokes 


type; listlessness with inconstant movements of the head and body from side to 
side became notable; often the urine was voided involuntarily and perspiration 
was evident all over the body in the form of cold, moist beads. Anesthesia of 
the various parts of the body was noted by the marked diminution in the re- 
sponses of these patients to pin-prick stimuli, and Babinski’s sign revealed al- 


ternate augmentation and diminution in its response. 
All of these signs disappeared when there was a return to the usual estab- 
lished auriculoventricular dissociation with a regular ventricular rhythm. 


SUMMARY AND CONCLUSIONS 


1. Correlated observations were made between the clinical manifestations, 
the electrocardiograms, and phonocardiograms of the alterations in the rhythm 
of the heart that preceded transient ventricular fibrillation in three patients 
with auriculoventricular dissociation. 

2. It was found that transient ventricular fibrillation during auriculo- 
ventricular dissociation was invariably preceded by (a) a lability of the basic 
ventricular rate with periodic changes in the rhythm of the auriculoventricular 
pacemaker of the heart; (b) by the development of “‘initial’’ premature beats 
of the ventricles, at first singly and then in groups; and (c) finally, by the 
appearance of fibrillary waves that always followed the premature beats of the 
ventricles. The fibrillary waves were not accompanied by any acoustic vibra- 
tions in the phonocardiogram. 

3. Short runs of premature beats of the ventricles alternated haphazardly 
with isolated or short groups of fibrillary waves of the ventricles so as to increase 
in frequency and duration until the fibrillary process supervened and resulted 
in a long syncopal seizure. 

4. These alterations in the rhythm of the heart during auriculoventricular 
dissociation were reflected in the electrocardiograms of the premonitory period 
by the appearance of bizarre and deformed ventricular complexes with pro- 
longed RS-T segments and progressively inverted T waves from beat to beat 
They indicated a marked depression of conduction in the ventricles prior to the 
onset of ventricular fibrillation. 

5. Phonocardiograms reveal that the deformed ventricular complexes were 
due to premature beats of the ventricles superimposed upon each other. -They 
were not the result of fibrillary waves. 

6. The onset of ‘‘initial’’ and recurrent fibrillary periods of the ventricles 
resulted in a periodic variability of the sphygmic intervals between the basi 
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ventricular complexes and yielded irregular pulse pauses which could be recog- 
nized clinically. 

7. Transient ventricular fibrillation in man has never been observed to be 
ushered in abruptly without such premonitory signs even though they may 


have lasted only a few seconds at a time. 
8. A clinical diagnosis of transient ventricular fibrillation may be suspected 
in any patient with auriculoventricular dissociation from the appearance of 


such features in the electrocardiograms obtained prior to the development of 


syncopal attacks. 
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OBSERVATIONS ON THE ACTION OF ERGONOVINE ON THE CORO- 
NARY CIRCULATION AND ITS USE IN THE DIAGNOSIS OF 
CORONARY ARTERY INSUFFICIENCY 


ISIDORE STEIN, M.D. 
BROOKLYN, N. Y. 


oo is a distinct need for an objective method of studying the integrity 
of the coronary circulation. At the present time the diagnosis of coronary 
artery insufficiency is usually based on subjective manifestations. In a small 
proportion of patients, abnormal electrocardiographic findings are observed. 
However, the symptoms are frequently indefinite or atypical. In these instances, 
a harmless objective procedure to determine the integrity of the coronary circu- 
lation would be of considerable benefit. There are also occasions, as in medico- 
legal problems, in which reliance upon the history is not always feasible. 

The most widely used objective methods for determining impairment of 
coronary circulation have been the exercise tolerance and the anoxemia tests.'~7 
Both of these tests have their disadvantages.*** There is not always a strict 
correlation between exercise tolerance and the state of the coronary circulation. 
Furthermore, there are also attendant dangers with these procedures. Pharma- 
cologic methods entailing the use of epinephrine have been employed in the past 
by Levine, Ernstene, and Jacobson’? and subsequently by Katz, Hamburger, 
and Lev.'' However, this method was discarded because of the hazards. 

Ergonovine maleate* was used to determine if the resultant clinical and 
electrocardiographic effects could be used to detect the presence of coronary 
insufficiency. 

Ergonovine, one of the newer ergot preparations, is used primarily for its 
contractile effect upon the uterus. Its vascular actions have not been completely 
investigated, but it has been demonstrated to produce no elevation in blood pres- 
sure on intravenous administration.” It may cause endothelial injury and 
gangrene in animals as with other ergot preparations. However, in patients, 
gangrene has not been reported from its use in obstetrical practice.” The litera- 
ture contains no statements relating to the action of ergonovine on the coronary 
vessels in man. In the frog and rabbit minimal effects on the blood pressure and 
vascular tree were observed. 


METHOD 


Complete histories, physical examinations, and routine laboratory studies 
were obtained on all patients. Before administration of the ergonovine maleate 


Received for publication Nov. 24, 1947. 
*The ergonovine maleate was generously supplied by Burroughs Wellcome & Co. (U.S.A.), Inc., 


Tuckahoe, N. Y. 
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each subject was allowed to rest for twenty minutes and a control electrocardio- 
gram was secured. All tracings were taken with the patient recumbent. The 
drug was given intravenously at a slow rate. If the history was strongly indica- 
tive of coronary artery disease, 0.2 mg. of ergonovine maleate in 1.0 c.c. distilled 
water was used. In those patients in whom a previous test was negative or in 
whom clinical study was either negative or suggestive of only minimal coronary 
sclerosis, a dose of 0.4 mg. in 2.0 c.c. distilled water was employed. Tablets of 
nitroglycerin, 0.43 mg., and ampules of amyl nitrite were on hand in the event 
that they were needed. Frequent observations of blood pressure and pulse were 
made. As soon as chest pain appeared an electrocardiographic tracing was 
taken; this was repeated at the subsidence of symptoms and one-half hour after 
the injection was made. If pain did not appear, an electrocardiogram was se- 
cured at intervals of five and thirty minutes. Case 1 had more detailed studies 
made which will be described. 

The exercise test we employed for studying the coronary circulation required 
hopping on each leg fifty times. In none of our patients did the respirations 
become embarrassed nor did chest pain appear (with the exception of Case 1), 
so that the necessity for terminating the procedure never presented itself. 

A group of thirty-five men between the ages of 18 and 50 years, hospitalized 
for reasons other than angina pectoris, served as controls. 


ILLUSTRATIVE CASE REPORTS 


Case 1.—B. R., a white man 63 years of age, gave the following history: For three years 
he had had substernal pain on effort in addition to. moderate shortness of breath. For the same 
length of time he had known of the elevation of his blood pressure. The‘essential physical find- 
ings consisted of left ventricular enlargement and an average blood pressure of 190/110. No 
evidence of decompensation was present. 

The control electrocardiogram (Fig. 1) was indicative of early left ventricular strain. The 
patient was given 0.20 mg. of ergonovine maleate intravenously. Three minutes later he com- 
plained of ‘“‘pressing’’ pain in his anterior chest, adding the remark, ‘‘This is the first time an 
attack has appeared while I was resting quietly.’"” The blood pressure and pulse, which at the 
outset of the experiment were 190/100 and 90, respectively, became 210/120 and 72 per minute. 
The electrocardiogram revealed marked RS-T depression in Leads I and CF, and depressed 
S-T:. He was quite uncomfortable for about five minutes and still had a feeling of “pressure” 
in his anterior chest thirteen minutes after the experiment was begun. Lead CF, returned toa 
normal appearance after twenty-two minutes. The blood pressure was then recorded at 220/110 
and the pulse rate at 78 per minute. At the end of thirty minutes the blood pressure was 210/110, 
the pulse rate was 78 per minute, and the electrocardiogram revealed only very slight depression 
of S-T; and S-T>». 

One week later the patient was subjected to an exercise tolerance test. Pain developed dur- 
ing the course of the exercise and lasted for three minutes. At the onset of the symptoms the 
tracing disclosed marked RS-T depression in Leads I, II, and CF, (Fig. 2). At the end of fifteen 
minutes a return to the control pattern was noted. 


” 


Subsequently, 0.2 mg. of ergonovine maleate was injected intravenously and a continuous 
tracing in Lead I was taken for a ten-minute period (Fig. 3). 

The expected changes (RS-T depression) occurred within the first minute after injection of 
the drug. However, the pain appeared only after three minutes had elapsed. The blood pressure 
was 220/120 and the pulse was 92 per minute. Nitrogiycerin, 0.65 mg., did not afford the patient 
any relief; it was repeated three minutes later with moderate cessation of his symptoms. Blood 
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pressure then was 206/120 and the pulse rate was 90 per minute. Pain disappeared entirely 
after eleven minutes; blood pressure was then recorded at 184/120 and the heart rate was 84 per 


minute. 
Maximum RS-T depression was noted at the six-minute interval and only showed a lessening 


of depression at the end of ten minutes. After twenty minutes the tracing simulated the contrel 
pattern. Blood pressure figures at that time were 194/102, and the pulse rate was 90 per minute. 


22MIN. 30 MING 


Effect of ergonovine Return to control pattern in thirty minutes. Time after 
injection of 0.2 mg. ergonovine maleate intravenously 


CONTROL 


Fig. 2.—Case 1. Effect of exercise. Time after beginning of exercise. 
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Ancther experiment on this subject was performed in an attempt to determine the clinical 
and electrocardiographic effects of ergonovine maleate, 0.20 mg. intravenously, and nitroglycerin, 
1.33 mg. sublingually, simultaneously administered. The patient was comfortable throughout che 
period of observation and did not complain of pain. The marked RS-T depression in Lead I (Fig. 
4) appeared immediately and was present for twelve minutes. From then on, until the period of 
observation was completed, the configuration of the electrocardiographic complexes approximated 
the control. 


ERGONOVINE 
1MIN. 22MIN. &MIN. 6MIN. 7 MIN. @MIN. 9MIN. JOMIN. IIMIN. 20MIN. 
wITROGLYC ERIN MITROGLYCERIN . 


Case 1. Effect of nitroglycerin on pain induced by ergonovine. Time 
after 0.2 mg. ergonovine maleate injected intravenously. 


ERGONOVINE AND NITROGLYCERIN 
MIN. 3MIN. 6MIN. Q9MIN. I2 MIN. 17MIN. 22MIN. 


Case 1. Simultaneous administration of 0.2 mg. ergonovine maleate, 
intravenously, and 1.33 mg. nitroglycerin, sublingually. 


The initial blood pressure reading was 202/108 and the pulse was 84 per minute. Four min- 
utes later these values changed to 210/110 and 92 per minute. From this interval on, the pulse 
rate varied between 78 and 84 per minute and the blood pressure, between 208/110 and 186/110. 

These results would indicate that nitroglycerin taken in anticipation of chest pain prevents 
the appearance of pain but the myocardial alterations (probably anoxemic in nature), as indicated 
by the electrocardiogram, still occur. 


Case 2.—W. G., a 59-year-old white man, had periodic attacks of pain “penetrating through 
his chest” with radiation up his neck and back and accompanied by inability to catch his breath. 


| 
Fig. 3. 
CONTROL | 
1 
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These attacks followed meals or exertion and disappeared quickly after he placed a “‘pill’’ under 
his tongue. For the previous six months his ankles had ‘‘become swollen” and he was forced to 
use two or three pillows for sleeping. 

On examination the essential findings were as follows: Plus 2 bilateral ankle edema was 
present. The apex of the heart was at the anterior axillary line; a rough systolic murmur was 
heard at the base, loudest at the aortic region; a long systolic blow transmitted to the axilla anda 
slightly shorter diastolic murmur were audible at the apex. The rhythm was regular. The aortic 
second sound was slightly louder than the pulmonic second sound. The liver was enlarged and 
tender. 

The electrocardiogram (Fig. 5) showed the following abnormalities: The QRS complex was 
0.12 second in duration, S-T;, S-T2, and S-T; were depressed, T was of low voltage, T2 and T; 
were biphasic (— +), and Rz and R; were notched. Following exercise there was no essential 
change. During an episode of spontaneous chest pain, the T waves in Leads I, II, and III became 
inverted and the S-T segment became more depressed in all leads. Upon the intravenous adminis- 
tration of 0.40 mg. of ergonovine maleate, a reproduction of the attack just described took place 
and the electrocardiogram was practically identical with it except that the changes in Lead I 


were not as marked. 


Case 3.—C. B., a white man, 59 years of age, had complaints of six months’ duration before 
coming under our observation. These consisted of attacks of ‘indigestion’ accompanied occa- 
sionally by a “burning feeling’’ down his left arm. He was also moderately short of breath on 
effort. On physical examination, he showed no evidence of decompensation. The heart was not 
enlarged, but the sounds were of poor quality. There was sinus rhythm with an occasional pre- 
mature contraction. Blood pressure was 110/84. 

The control electrocardiogram (Fig. 6) revealed low voltage of T1, an occasional ventricular 
premature contraction, slight depression of S-T;, S-T2, and S-T,and an inverted Ty. Ergonovine 
maleate, 0.4 mg. intravenously, produced chest pain which was promptly relieved by nitro- 


glycerin, 0.43 mg. sublingually. The resulting electrocardiogram showed numerous premature 
contractions and marked S-T depression in all leads. No electrocardiographic changes were 
exhibited following exercise except for the disappearance of the premature contractions. 


Case 4.—O. H., a 46-year-old white man, had had symptoms for three weeks. These con- 
sisted of a pain in the anterior chest which radiated toward the right arm, was accompanied by 
sweating, lasted a few minutes at a time, and appeared on moderate exertion or excitement. 
Relief was obtained with nitroglycerin. No other cardiac symptoms were present nor was there 
any previous history of rheumatic fever or hypertension. The physical examination failed to 
reveal any abnormalities. The blood pressure was 118/70. 

Electrocardiograms before and after exercise were normal. Following the intravenous admin- 
istration of 0.4 mg. of ergonovine maleate, he developed pain “similar to my original attack.” 
The only electrocardiographic change seen was in Lead II where the T wave, which was previously 
upright, became biphasic. 


Case 5.—C. B., a 38-year-old white man, stated that nine years previously he had collapsed 
after a 3,000 meter run. He had had pain in his anterior chest and shortness of breath. He was 
hospitalized for a period of six months, but ever since he had noted the reappearance of symptoms 
on effort. A history of rheumatic fever and hypertension was denied. Examination did not reveal 
any abnormal cardiac findings. The heart was not enlarged. The blood pressure was 116/78. 

The control electrocardiogram showed prominent Q waves in Leads II and III, RS-T eleva- 
tion in Lead III and inversion cf T in Leads II and III. He was given 0.4 mg. of ergonovine 
maleate intravenously and after seven minutes he had what the patient termed a “‘usual’”’ attack 
of precordial pain. Nicotinic acid, 50 mg. under his tongue, brought relief in two minutes. The 
pain, however, recurred three minutes later and another similar dose of nicotinic acid proved 
ineffective. Prompt disappearance of the pain was brought about by 0.65 mg. of nitroglycerin. 

The electrocardiogram taken at the onset of his pain showed RS-T depression in Leads I 
and IV; Q2 became smaller and R; larger than in the control tracing. These findings disappeared 


after thirty minutes. 
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SPONTANEOU 
CONTROL EXERCISE ERGONOVINE 


Fig. 5.—Case 2. Effects of exercise, spontaneous attack, and ergonovine 
maleate, 0.4 mg. intravenously. 


CONTROL» EXERCISE ERGONOVINE 


Fig. 6.—Case 3. Comparative effects of exercise and ergonovine maleate, 0.4 mg. intravenously. 


41 


AMERICAN HEART JOURNAL 


Two additional case histories will be presented because the clinical response 
(chest pain) to ergonovine maleate was marked though there were no essential 
electrocardiographic aberrations. The reason for this is unknown. 


Case 6.—D. C. B., a 38-year-old white man, complained of frequent attacks of a ‘‘choking 
sensation” in his upper anterior chest with radiation of pain toward both ears and arms. These 
symptoms recurred on exertion for about six weeks but later they recurred even while he was 
lying quietly in bed. Relief was obtained with nitroglycerin. No previous history of heart disease 
or hypertension was obtained. The physical examination yielded no positive findings pertaining 
to the cardiovascular system. The patient was moderately obese and his blood pressure was 
124/80. 

Several electrocardiograms, including one during an attack of pain, were normal. Exercise 
caused marked RS-T elevation and rounding in Lead IV. On the eleventh day of observation 
(seven and one-half weeks after the onset of symptoms) T,; became isoelectric and T, became 
inverted. On two occasions 0.4 mg. of ergonovine maleate was administered intravenously with 
reproduction of his chest pain in about three minutes. Both episodes subsided promptly with 
nitroglycerin sublingually. There were no electrocardiographic changes, however. 


Case 7.—C. Z., a 54-year-old white man, had complained of pain in his left chest on mild 
exercise and after heavy meals for the past thirteen years. Hypertension had been observed for 
ten years. 

On admission, he was in pain. The ventricular rate was 160 per minute and the blood pres- 
sure was 150/106. The heart was of a transverse type; the sounds were of good quality, the aortic 
second sound equalling the pulmonic second sound; the rhythm was punctuated by frequent intervals 
of irregularity, and no murmurs were heard. There were no other unusual findings noted. He 
obtained relief with nitroglycerin. 

The electrocardiogram showed ventricular paroxysmal tachycardia. Another tracing, taken 
during a quiescent period, was interpreted as showing left ventricular strain with possibly evi- 
dence of an old myocardial infarction of the posterior wall (S-T; and S-T: depressed, T, and T; 
inverted). Exercise studies were negative. Ergonovine maleate, 0.4 mg. intravenously, brought 
on an episode of typical chest pain. This was promptly relieved by nitroglycerin. However, no 
change in the electrocardiographic pattern was observed. 


ANALYSIS OF FINDINGS 


Control Group (Thirty-five Patients)..-The control group failed to reveal 
any abnormal subjective or electrocardiographic findings; nor were there any 
untoward reactions. No marked changes were noted in either the pulse rate 


or the blood pressure readings. 

Electrocardiographic Effects.—¥Five of the seven subjects studied who had 
chest pain presented objective electrocardiographic findings, while two failed to 
show any deviation from the control picture. Cases 1 and 2 demonstrated marked 
RS-T depression following the administration of the ergonovine maleate, while in 
addition to this abnormality Case 3 had numerous premature contractions. In 
Case 1 the electrocardiographic aberrations were noted immediately and pre- 
ceded the appearance of pain by about three minutes. Minimal changes were 
noted in Case 4 and consisted of a normal T, becoming diphasic (— +). Case 5 
developed RS-T depression in Leads I and IV, particularly in the precordial lead. 

Effect on the Blood Pressure.—The effects of the drug on blood pressure were 
not uniform and showed no striking changes (Chart I). The findings indicated 
that ergonovine maleate causes a mild elevation in both systolic and diastolic 
blood pressure. 
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Effect on Pulse Rate (Chart II).—On the basis of the findings, minimal changes 
in pulse rate follow the intravenous administration of ergonovine maleate. There- 
fore, the deduction is warranted that the clinical picture and the electrocardio- 
graphic manifestations induced by this drug could not have been based on an 
increased work load of the heart. 

Effect of Nitroglycerin on the Clinical Picture and on the Duration of Electro- 


cardiographic Manifestations Induced by Ergonovine Maleate.— <All patients who 
were given nitroglycerin obtained relief from their chest pain. In Case 1 (nitro- 
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Chart I.—Effect of ergonovine maleate on blood pressure. Time in minutes 
after ergonovine maleate intravenously. 
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Chart II.—Effect of ergonovine maleate on pulse rate. Time in minutes 
after ergonovine maleate intravenously. 
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glycerin was not given in the first experiment) the electrocardiographic changes 
disappeared after thirty minutes; when nitroglycerin was administered for the 
pain, in twenty minutes; when the nitroglycerin and ergonovine maleate were 
given at the same time, it took only twelve minutes for the abnormal pattern to 
subside. It is worth noting again that although nitroglycerin prevented the 
appearance of pain, changes in the electrocardiogram still took place. 


Exercise. -While this study was not undertaken as a comparison between the 
effects of ergonovine maleate and exercise, a statement of the results is 
warranted. 

Case 1 revealed RS-T depression after exercise, whereas no changes were 
evident in Cases 2, 3, 4, and 7. Case 5 was not subjected to an exercise test 
and Case 6 disclosed marked RS-T elevation and rounding in Lead IV following 
exercise. 

SUMMARY 


The clinical and electrocardiographic findings indicate that ergonovine, 
intravenously, has a definite action on the coronary circulation. The symptoms 
produced are typically those of angina pectoris, and the electrocardiograms cor- 
respond to the expected picture of coronary insufficiency,'’'*'’ including the 
pattern observed during positive anoxemia’’*’® and exercise tolerance tests,'"* 
and consist mainly of RS-T depression and T-wave inversion. 

Since ergonovine maleate rarely produced tachycardia, the changes induced 
were not due to an increase in heart rate. 

Nitroglycerin is effective in preventing the ergonovine-produced angina 
and in shortening the duration of the electrocardiographic abnormalities. 

In view of the small series of patients studied, further investigation is war- 
ranted before any final statements can be made as to the general utility of ergo- 
novine maleate as a measure of the functional status of the coronary circulation. 
Further study is also indicated to determine the minimum dose of ergonovine 
that will produce electrocardiographic effects without causing the symptoms of 
angina. Knowledge of the circulatory action of this drug is essential in view of 
its widespread use in obstetrics. 

While no untoward reactions were noted in our subjects, caution must be 
exercised to avoid excessive dosage and to have available for immediate use 
vasodilator drugs such as amyl nitrite and nitroglycerin. 


I wish to express my appreciation for the technical assistance rendered by Miss Edmunda L. 
Vaughan, R.N., Jewish Hospital, Brooklyn, N. Y. 
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STUDIES IN INTRACARDIAC ELECTROGRAPHY IN MAN 


THE POTENTIAL VARIATIONS IN THE RIGHT ATRIUM 


Haroitp D. Levine, M.D., HARPER K. HELLEMs, M.D.,* 
MARTIN H. WITTENBORG, M.D., AND LEwits DExTER, M.D. 


Boston, Mass. 


N THE classical studies of Sir Thomas Lewis, who used bipolar leads, the 

electrical potentials of the outer surface of the dog's atrium were described. 
In man, auricular potentials have been studied with the aid of the esophageal 
electrode by Brown*®* and with precordial leads taken at auricular levels by 
Brown and Ellis. These observers used unipolar leads. The new technique 
of venous catheterization of the right side of the heart, and with it the possi- 
bilitv of recording the electrical potentials within the right cardiac chambers, 
has recently offered a new method of investigating this subject in man. In 
addition to showing that their inscription is earlier when the electrode is in the 
upper than when it is in the lower parts of the right atrium, the few studies thus 
far reported®* have shown that when the electrode is in the upper portion of the 
right atrium in proximity to the orifice of the superior vena cava, the auricular 
deflection is largely negative. In terms of the “bipole theory,’’} under these 
conditions the electrical impulse must move from the recording electrode. If the 
electrode is placed about halfway down the atrium, biphasic initially positive 
deflections are inscribed, since the impulse first approaches then retreats, from 
the electrode. When placed at low levels, the electrode records predominantly 
positive deflections, for here the impulse moves foward the electrode. 

Since the beginnings of electrocardiography, the possibility of recording 
electrical activity within the sinoauricular node has intrigued investigators. 
Many theoretical considerations lead to the suspicion that rhythmic electrical 
activity must arise there. With the cathode-ray oscillograph, Rijlant® has re- 
corded a series of component waves within the P complex, the first of which he 
has attributed to electrical activity in the sinoauricular node. A search of the 
available literature shows no report confirming these observations. 


From the Medical Clinic and the Department of Radiology, Peter Bent Brigham Hospital and the 
Departments of Medicine and Radiology, Harvard Medical School. 

This investigation was aided in part by grants from the Life Insurance Medical Research Fund 
and the Anna R. Lown Cardiac Research Fund 

Received for publication Jan. 7, 1948. 

*This work was done during the tenure of a Life Insurance Medical Research Fellowship. 

1According to the “‘bipole’’ theory, with the galvanometer circuit so arranged that an upward 
deflection indicates relative positivity of the recording electrode, an electrical impulse moving from 
the recording electrode is recorded as a negative deflection, and an electrical impulse moving toward 
that electrode is written as a positive deflection. 
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The possibility of placing the catheter in apposition with the cardiac pace- 
maker within the right atrium and thus recording its electrical activity has 
already interested most workers in the field of intracardiac electrography. 
Hecht® noted a small, rounded, positive ‘‘preauricular’’ deflection preceding the 
intrinsic deflection of the atrium by about 0.25 second. This he regarded as of 
doubtful significance, but he remarked on its resemblance to the ‘‘pre-potentials”’ 
recorded by Bozler,'® who believed that these potential oscillations might initiate 
normal sinus discharge. Hecht believes that as the electrode enters the right 
atrium from the superior vena cava, the last point at which there is recorded a 
definite initial downward deflection which is not preceded by an upward deflec- 
tion may be assumed to represent the sinus region.* This corresponds to an 
entirely negative intrinsic deflection preceded by no electrical activity in the 
atria. Battro and Bidoggia,’ on the other hand, describe an initial negative wave 
which (a) precedes the rapid auricular complex by about 0.02 second, (b) is 
larger when the electrode is at the junction of the superior vena cava and the 
right atrium than at more distant points, and (c) corresponds to the auricular 
S wave described by Brown in the esophageal electrogram? and regarded by him 
as possibly produced by the activation of the sinoauricular node. This wave 
Battro and Bidoggia regard as the expression of activation of the sinoauricular 
node. Sodi Pallares and associates* also noted this small initial negative wave 
and attributed it to the irregular distribution of the wave of excitation leaving 
the sinus node, which results, at a given moment, in predominance of the forces 
moving away from the exploring electrode. However, it is fair to state that as 


yet there is no clear evidence that activity of the sinus node has been recorded 


in man. 

The atrium consists essentially of a sheet of muscle over which impulses 
are conducted as concentric waves spreading in a simple radial direction. The 
potentials are as well recorded on its epicardial as on its endocardial surfaces. 
In the study of possible electrical activity in the sinoauricular node, a fixed 
electrode on the epicardial surface of the right atrium overlying the region of the 
sinoauricular node presents definite advantages over an intra-auricular electrode 
of the type under discussion, for, as will be noted, the latter may vary markedly 
in its position relative to the sinoauricular node. 


PROCEDURE 


Twenty-one individuals were studied. One had rheumatic heart disease 
with aortic insufficiency. Another had arteriosclerotic heart disease. The 
remaining nineteen subjects had normal hearts on clinical, roentgenologic, and 
electrocardiographic examination. Under complete surgical asepsis and local 
Novocain anesthesia, an antecubital vein, usually the left, rarely the right, was 

*The existence of a demonstrable anatomic sinoauricular node in man has been questioned by the 
Glomsets,'! but the existence is generally accepted of a physiologic pacemaker in the right atrium in 
the neighborhood of the orifice of the superior vena cava. It is also generally accepted that there is a 
gradient in the inherent spontaneous rate of contraction of isolated segments of cardiac muscle, the rate 
being most rapid in the sinus region, which, therefore, dominates the cardiac rhythm. In this sense, 
then, it would be preferable, perhaps, to speak of the search for electrical activity within a pacemaker 
in the physiologic if not the anatomic sense. 
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exposed and dissected free. A special No. 6 catheter* was provided measuring 
100 cm. and containing in its lumen a wire of silver alloy? 1/64 inch in diameter 
with an olive-shaped enlargement, measuring 4.0 by 2.0 mm. and presenting 
just within and occluding the distal opening of the catheter. This was the most 
limber and durable of several different sizes and materials tried. It did not 
interfere with the flexibility of the catheter and was capable of repeated use 
without breaking. The wire protruded from the proximal end of the catheter 
by several centimeters and was coupled through one of a pair of vacuum tube 
electrocardiographs{ to the central terminal of a Wilson unipolar lead arrange- 
ment. Simultaneous tracings were taken through the second electrocardiograph 
coupling the same central terminal with an electrode on the left leg (Lead V,) 
or to a precordial electrode located in the fourth left intercostal space just to the 
left of the sternum (Lead V2). The intra-auricular tracings were generally taken 
at normal standardization (1.0 cm. equals 1.0 mv.). In the tabulations appropri- 
ate corrections were made when the standardization was not accurate. 

For ease of manipulation, the distal one or two inches of the catheter were 
set in a gentle curve. A V-shaped incision was made in the wall of the exposed 
vein, and through it the catheter was gently inserted as far as the upper axilla. 
From this point, under fluoroscopic guidance, the tip of the catheter was manipu- 
lated into the right atrium, through the tricuspid valve, across the spine shadow 
into the right ventricle, and thence through the pulmonic valve into the right 
pulmonary artery, as described by Cournand and associates” and by Dexter 
and co-workers." A tracing was taken with the tip of the catheter in the right 
pulmonary artery; then a series was obtained from within the right ventricle. 
The potentials recorded there are to be described in a later communication. The 
catheter was then withdrawn into the right atrium. 

Six recordings were made in the right atrium: three along its median and 
three along its lateral wall in high, mid, and low positions, usually in the sequence 
low median, mid-median, high median, low lateral, mid-lateral, and high lateral. 
Finally a tracing was taken with the electrode in the superior vena cava just 
outside of the auricular shadow. Just before each tracing was taken, an x-ray film 
was taken to show the position of the catheter at the time of the tracing. Ina 
few instances continuous tracings were made as the catheter was withdrawn from 
low levels within the atrium into the superior vena cava. In three individuals 
tracings made with the electrode within the right atrium were paired simul- 
taneously with tracings made with the esophageal lead at corresponding levels. 


In the present state of our knowledge, the significance of the individual 
components of the auricular complex must be regarded as unsettled. For this 
reason, the objective, noncommittal terminology of Hecht® seems preferable to 
the etiological terminology of Brown,?* as adopted by Battro and Bidoggia.’ 
Following the well-established designation of the auricular T wave as T,, the 
following modification of Hecht’s symbols has, therefore, been used: 


*Obtainable from U. 8. Catheter and Instrument Corp., Glens Falls, N. Y. 

tHandy and Harman ‘“Easy-Flo,”’ size .0155, obtainable from Welders’ Supply Co., Boston. 

{We are most grateful to Mr. M. B. Rappaport and The Sanborn Company, Cambridge, Mass., 
for the use of a Tri-beam Cardiette. 
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an initial downward deflection followed by an Rag wave. This Q, includes the up- 
stroke returning to the isoelectric line. 

an initial downward deflection not followed by an R, wave. This designation applies 
whether or not this wave is interrupted, as in Fig.1,A, by a notch, and whether or 
not this deflection includes one or two ‘ 
the returning upstroke. 


‘intrinsic deflections.’”” This also includes 


the initial upward deflection, whether or not preceded by a Q, wave. This includes 
the downstroke returning to the isoelectric line. 

a downward deflection following an R, wave. This designation applies whether (as 
in Fig. 1,£) or not (as in Fig. 1,B through D) this downward deflection is notched. 
It includes the upstroke returning to the isoelectric line. 

T, junction: the distance from the isoelectric line (considered as the T-P interval) to 
the point of departure of the final slow auricular component from the S, wave, whether 
at its apex or on its returning upstroke. 

T, segment (with normal auriculoventricular conduction, as in series here reported): 
the recorded final slow component of the auricular complex from the S, wave to the 
ventricular R or S wave. In those patients with normal auriculoventricular conduc- 
tion the T, wave proper is submerged in the ventricular complex. In complete 
auriculoventricular block T, may be recorded in its entirety.’ 

Intrinsic deflection: the downstroke of the QS, wave or the deflection starting at the top 
of the Ry wave and continuing to the bottom of the S, wave. The time of this de- 
flection was measured from the beginning of the P wave in simultaneously recorded 
Leads Vr or V2 to the beginning of QS, or to the top of Ra. 


RESULTS 


With the electrode in the superior vena cava just outside of the heart shadow 
the auricular complex began in about one-half of the subjects with a sharp but 
rather short Q, wave. In the remaining one-half the auricular complex consisted 
of a QS, wave including another less conspicuous, sharp downward deflection 
which in turn was followed by an S,-T, segment which returned gradually to the 
isoelectric line. The time of the intrinsic deflection and the magnitude of the 
various components of the auricular complex at various locations in relation to 
the right atrium are tabulated in Table I. 

In several subjects, tracings were taken in the superior vena cava at intervals 
of 1.0 cm. cephalad from the point of entrance of the superior vena cava into 
the right atrium. In most cases a QS, was recorded which consisted of two sharp 
downward deflections, one at or about 0.00 second, and the other at 0.03 to 0.05 
second, being later the farther the electrode was placed from the orifice of the 
superior vena cava. At 4.0 to 6.0 cm. these second “‘intrinsic deflections’’ were 
to longer recorded. The first ‘intrinsic deflection” is attributable to activation 
of the atrium from the normal pacemaker, away from the electrode; the second, 
to the fact that the superior vena cava does not enter the atrium in a direct ver- 
tical manner but obliquely, and, for a short distance, lies in a tangential relation 
to a portion of the right atrium. The later “intrinsic deflections” are, therefore, 
the result of later activation of the subjacent portions of the atrium. 

With the electrode in the high lateral position within the atrium, the auricular 
complex began in seven instances with a small R, wave the downstroke of which 
continued as a sharp S, wave abruptly superceded on the returning upstroke of 
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S, by a smooth, slow, rounded S,-T, segment which usually passed the iso- 
electric line to be cut short by the initial downstroke of the ventricular complex. 
Except in a few recordings at mid-median and low median levels, the ventricular 
complex in the atrium always began with a downstroke. Measuring from the 
beginning of the P wave in a simultaneously recorded unipolar chest lead (V2) 
or limb lead (V») to the beginning of the rapid downstroke, the intrinsic deflec- 
tion occurred 0.005 to 0.02 second after the beginning of the P wave. 


Fig. 1.—Intra-auricular electrograms labelled to identify the symbols used in this discussion. 
Upper curves, intra-auricular potentials. Lower curves, Lead V2. 


Tracings made at mid-lateral levels showed biphasic deflections, the R, wave 
in general equalling the Sy wave in magnitude and the intrinsic deflection oc- 
curring 0.02 to 0.03 second after the beginning of the P wave. An initial Q, wave 
was never recorded at this level. In a few instances the S,-T, segment continued 
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into the following ventricular complex and produced a virtual fusion of the auricu- 
lar with the ventricular complex, interrupted by a relatively inconspicuous down- 
ward deflection corresponding in time to the ventricular S wave of a simul- 
taneously recorded unipolar limb lead or precordial lead. This is illustrated in 
Fig. 1,C. 

Tracings made at Jow lateral levels never showed initial Q, waves but began 
with a large R, wave (0 to 11 mm.) which was followed by a small S, deflection. 
The intrinsic deflection was recorded at 0.03 to 0.06 second, the median value 
being 0.05 second. 

With the electrode in the high median position the tracings were similar to 
those recorded in the high lateral position. In most cases the intrinsic deflection 
was inscribed earlier in the high lateral than in the high median position, but in 
a few cases they were recorded at the same moment; and in rare instances the 
intrinsic deflection was earlier at the high median position by 0.005 to 0.015 
second. An initial Q, wave was noted at this position in eight instances. In a 
general way the voltages were of about the same magnitude as at the high lateral 
position. 

Tracings made at mid-median levels resembled those made at mid-lateral 
levels, showing intrinsic deflections coinciding with those at the latter position 
or following them by 0.005 to 0.015 second. In rare instances the intrinsic deflec- 
tion actually preceded that at mid-lateral levels. Auricular Q, waves were 
recorded at this position in five cases. In two instances ventricular R waves 
were recorded at this level in the right atrium. 

In tracings made at low median levels, special precautions being taken to 
insure that the tip of the catheter was actually within the atrium and not in the 
inferior vena cava, intrinsic deflections were recorded in only eight instances. 
For the most part, the auricular complex at this site consisted rather of a smooth, 
rounded curve resembling the P wave of the conventional or unipolar limb leads; 
no rapid component could be detected. This corresponds to the fact that, in 
contradistinction to the relationship obtaining at the low lateral position, the 
electrode was in apposition not to auricular muscle mass but to the normal 
muscular defect at the tricuspid valve. At this level, probably for the same 
reason, ventricular R waves were noted in two subjects. 

It is to be noted that in the right atrium the intrinsic deflection was recorded 
in approximately the first one-half of the P wave. 

Consistent ‘‘pre-potentials” of the type noted by Hecht, and not due to 
artefacts, were not observed in the present series. 

A typical set of intra-auricular tracings with corresponding 
shown in Fig. 2. We have done this, rather than give an idealized composite 
figure, in order to illustrate the difficulties and limitations of the procedure 
employed. Thus, although the electrode in the low lateral position, as originally 
placed, was in apposition to the auricular wall, as revealed by fluoroscopy, the 
catheter had assumed a midstream position by the time the film was exposed. 
Again, in the taking of the tracing in the superior vena cava, although the elec- 
trode was placed just outside of the heart shadow, by the time the “‘spot film’’ 
was taken, its position had changed slightly so that it now lay slightly within 


‘ 


‘spot films” is 


Fig. 2.—Spot films and corresponding electrograms from Patient 10. Upper tracing represents 
intra-auricular or intravascular lead. Lower tracing, unipolar left leg lead (Vr). A, High lateral position, 
electrode originally placed just outside of, but moving to just within cardiac shadow. Intrinsic de- 
flection 0.00 second. B, High mid-lateral position. Intrinisic deflection 0.02 second. C, Low mid- 
lateral position in probable contact with auricular wall. Intrinsic deflection 0.04 second. Fusion of au- 
ricular and ventricular deflections with marked deviation of Ts wave. D, low median position (origi- 
nally placed in low lateral position). No auricular intrinsic deflection. Note small ventricular R wave. 
E, Right pulmonary artery. Intrinsic deflection 0.00 second. F, High median position. Intrinsic 
deflection 0.02 second. G, Mid-median position. Intrinsic deflection 0.03 second. H, Low median 
position. Inconspicuous P wave with no intrinsic deflection. Ventricular R wave larger than in D. 
All roentgenograms retouched to emphasize cardiac outline. 
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the cardiac shadow. Such inadvertent changes in the position of the electrode 
could presumably take place at any level between the time of exposure of the 
film and the recording of the electrogram as a result of respiratory variation in 
the position of the heart (the catheter remaining stationary), as a result of move- 
ment of the neck or shoulder girdle on the trunk, or as a result of the contraction 
of the heart itself. Accordingly, the positions given should be regarded as only 
approximate, and the measurements should not be regarded as accurately repre- 
senting the time of activation of muscle at the time the roentgen-ray film was 
exposed. Furthermore, the operator of the catheter was generally unable to tell 
by the ‘‘feel’’ of the catheter whether or not the catheter tip impinged against 
the wall of the heart either in the atrium or in the ventricle. 

As a check upon these observations, a continuous strip was taken in a few 
cases as the catheter was slowly withdrawn from a position low in the right atrium 
to the superior vena cava. One such tracing from Patient 8 is reproduced in 
Fig. 3. In the first four complexes the auricular complex was predominantly 
an R, deflection, indicating that at the moment of its inscription the electrical 
impulse was moving toward the electrode. The fifth complex began with a pre- 
mature auricular beat. The sixth auricular complex was biphasic with equal 
R, and S, components, indicating that the electrode was about halfway from 
the inferior to the superior part of the atrium and that the impulse moved first 
toward and then away from the electrode. The succeeding complexes showed 
progressively less R, and more S, component, indicating that less and less of the 
impulse was moving toward and more and more was moving away from the elec- 
trode, until finally, with the thirteenth complex, there was no R, wave and the 
electrode must have been at or above the site of impulse formation. This tracing 
will be discussed further. 


Initial Q, Wave.—Early in the course of these studies the writers were 
impressed with the fact that many of the tracings obtained with the electrode 
high in the right atrium showed the small Q, deflection and gave the impression 
that the downstroke of this initial deflection, which was slower than its upstroke, 
seemed roughly, if extrapolated through the rapid deflections, to continue as the 
slow S,-T, segment. This appearance is illustrated in Fig. 4, which shows 
representative tracings taken high in the right atrium in four different individuals. 

Examination of the second half of Fig. 3 shows that as the electrode was 
drawn toward the upper part of the right atrium the Q, wave increased in depth 
from Complexes 9 to 14. In Fig. 5,A, obtained from a mid-median position in 
Patient 16, there was no increase in the duration of the S,-T, segment as Q, 
disappeared (second through fifth complexes). These tracings are typical of 
many others in this series and confirm the observations of Battro and Bidoggia.’ 
They are at some variance with the possibility that Q, and T, represent in their 
totality some electrical phenomenon interrupted by the more rapid auricular 
deflections. 


Deviation of the Final Segment of the Auricular Complex.—The S,-T, segment, 
particularly in tracings made in approximately the upper one-half of the atrium, 
generally passes the isoelectric line before it ends abruptly with the ventricular 
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S wave. It is conceivable that such deviations can be attributed to (1) nencritical 
damping of the electrogram, (2) tachycardia, (3) a current of injury set up by the 
contact of the tip of the catheter with the auricular wall, or (4) an intrinsic prop- 
erty of the electrogram at certain levels perhaps related to repolarization of the 


auricular muscle. 


Cc. 


anda 


Fig. 5.—-A, Upper tracing is mid-median lead; lower tracing, Lead V2 in Patient 16. Note failure 
of Sa-Ts to increase at expense of disappearing Qa wave in Complexes 2 through 5. 3B, Deviation of 
Sa-Ta present in upper tracing (high median) even when corrected for overstandardization at heart 
rate of 55 beats to the minute in Patient 18. C, Continuous tracing taken in Subject 22 during rota- 
tion of catheter on its own axis so that catheter moved from position at or near the high median wall 
of the right atrium to midstream. Note the gradual obliteration of S:-T, deviation while the heart 


rate remained constant. 


In a study of this sort the extreme importance of critical damping of the 
tracing hardly need be mentioned. Since the vast majority of tracings showing 
Sa-T, segment deviation did not show this defect, this possibility may be elimi- 


nated. 


it 
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Battro and Bidoggia explained S,-T, segment deviations (as well as dis- 
placement of the S,-T, junction) as due to an acceleration of the repolarization 
process caused by a tachycardia which they state generally accompanies the 
catheterization. The present experience has not shown tachycardia to be par- 
ticularly frequent in association with this procedure. The heart rate varied 
between 55 and 138 (average, 70; median, 86) beats to the minute during the 
presence of this type of deviation and between 61 and 130 (average, 91; median, 
89) beats to the minute during its absence. In four cases the rate was identical 
when deviation was present and when it was absent. Fig. 5,B shows S,-T, 
segment deviation when the heart rate was 55 beats to the minute. 


Fig. 6.—Effect of slight differences in position of electrode upon the deviation of Sa-Ta in Subject 


7. A, Upper tracing taken with electrode at high auricular level midway between median and lateral 
walls; lower tracing, Lead Vr. B, Same except that electrode is in contact with or closer to median 
wall of atrium. Damping not critical but standardization same in both tracings. The deviation in 
B is about twice that in A. 


The fact that slight differences in the position of the electrode can produce 
marked differences in the degree of this deviation is illustrated in Fig. 6 (Patient 
7). The second tracing (Fig. 6,B) was taken at high auricular levels close to, or 
in contact with the median wall of the atrium; the first (Fig. 6,4), farther to the 
right, presumably in midstream. With the same standardization, the first tracing 
showed a deviation of 5.0 mm.; the second, a deviation of 11 millimeters. If the 
deviation were due to the contact of the catheter with the auricular wall (current of 
injury), one might suspect that deviation would be an ‘‘all or nothing”’ affair, 
that is, that there would be a deviation when the catheter touched the wall and 
none when it was free in the cavity. Here there was some, though less, deviation 
in the first location. It is possible, however, that there was still some, but less 
intense pressure of the catheter on the wall when the tracing shown in Fig. 
6,A was made. The possibility of an injury effect, therefore, cannot be excluded. 

In another experiment (Patient 22), with the catheter at a high median level, 
the catheter was rotated on its own axis, so that while the distance from the 
antecubital space to the electrode remained essentially unchanged, the electrode, 
by virtue of the bend at the tip of the catheter, was moved from a position near 
or in contact with the median auricular wall to a position farther from the wall, pre- 
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sumably in midstream. During this procedure a continuous electrographic strip 
was recorded (Fig. 5,C). In the first complex, when the electrode was in its 
most median position, the deviation measured 5.0 millimeters. The second 
complex, when the electrode had moved slightly from its initial position, showed 
a deviation cf 2.5 millimeters. The remaining complexes showed no deviation. 
Here again, there was a gradual, rather than an abrupt obliteration of the devia- 
tion. This suggests three possibilities: (1) that the deviation is due to a current 
of injury set up by the contact of the catheter with the auricular wall and that there 
was a less intense contact in the second than in the first complex, (2) that the 
current of injury set up by the contact persists for a short time (one beat) fol- 
lowing the actual contact, and (3) that the deviation is independent of the con- 
tact and is, rather, a property of the level of the electrode. Simultaneously with 
the gradual disappearance of the deviation, the Q, and R, waves disappeared. 
In the third and following complexes these are represented as a thickening of the 
initial downstroke of QS,. It appears from these changes that the vertical 
position of the electrode had changed slightly during the procedure. It is also 
notable in this experiment that the S,-T, segment deviation disappeared while 
the heart rate remained constant. This is further evidence against the deviation 
being a function of the heart rate. 


The same phenomenon of progressive decrease in the degree of S,-T, seg- 
ment deviation is illustrated in the tracing (Fig. 3) taken while the catheter 


was being withdrawn from a position low in the atrium. It is to be noted that 
the deviation first appeared with the tenth complex, where it was maximal, then 
with each successive complex showed a progressive decrease while the heart 


rate slowed slightly. 


Auricular Premature Beats.—In contradistinction to the frequency of ven- 
tricular premature beats during catheterization of the right ventricle, auricular 
premature beats were induced relatively infrequently when the catheter was in the 
right atrium. Auricular premature beats were noted in only four cases while the 
catheter was stationary. In three they were brought out only on manipulation 
of the catheter and in one case they were noted while the catheter was stationary 
at one time and moving at another time. In one subject an auricular premature 
beat (Fig. 3) was noted while the catheter was withdrawn from a position low in 
the right atrium. The fifth auricular complex was premature and began with a 
sharp downward deflection, indicating that at that time the impulse travelled 
away from the electrode. Evidence to be presented in a later communication 
would seem to indicate that the contact of the tip of the catheter with the auricular 
wall actually initiated this premature electrical response. 

In Fig. 7,A (Patient 22), a tracing taken while the catheter was rotated into 
a mid-median position in the right atrium, an auricular premature beat (third 
complex), again with a downward initial auricular deflection, cut short the T 
wave of the preceding ventricular complex. In Fig. 7,B, a tracing obtained 
from Patient 18, auricular premature beats were recorded with the catheter 
low in the right ventricle. In this case the constant presence of the catheter 
in the ventricle was determined radiographically and was corroborated by the 
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high ventricular R wave and the presence of a paroxysm of ventricular tachy- 
cardia and a single premature ventricular beat immediately preceding this por- 
tion of the tracing. Note that the ventricular complexes were of the same form 
throughout this tracing and that the difference between the normal and the pre- 
mature auricular beats was more obvious in precordial Lead V2 than in the right 
ventricular lead. Throughout this series, in fact, the auricular complex was 
never well defined in intracavity leads from the right ventricle. In this case, 
then, it seems likely that the precordial electrode was actually nearer the ectopic 
site of impulse formation than the intraventricular electrode. This is the only 


ga A. 


Fig. 7.—A, Continuous tracing taken from Subject 22 while catheter was rotated in a mid-me- 
dian position. Note the auricular premature beat (third complex) beginning with a sharp downward 
deflection and hence indicating that the impulse here travelled away from the electrode and presum- 
ably was initiated by it. Lower curve, Lead V2. 3B, Electrode low in right ventricle (Subject 18) as 
determined by x-ray film and corroborated by high ventricular R wave and presence of paroxysmal 
ventricular tachycardia and a premature ventricular beat just before this part of the tracing. Third 
and sixth complexes are premature auricular beats. The abnormal form of the auricular complex is 
more apparent in the lower (precordial Lead V2) thaninthe upper (intraventricular) curve. C, Series 
of four auricular premature beats from Subject 20 recorded during withdrawal of catheter from a point 
high in right atrium to a point in the superior vena cava 7.0 cm. from the first point. ‘This was the 
only case in which premature auricular beats were not single. 
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subject in this study in whom auricular premature beats developed while the 
catheter was in the right ventricle. 

With one exception, the auricular premature beats were always single. The 
exception was a patient (Patient 20) with rheumatic aortic insufficiency in whom 
a series of four auricular premature beats (Fig. 7,C) followed a normal beat while 
the catheter was withdrawn from a position high in the right atrium to a point 
in the superior vena cava 7.0 cm. from the first point, as measured in the frontal 
plane of the fluoroscopic screen. Note in this tracing that each auricular beat 
of the paroxysm differed slightly from the other auricular beats but that all 
began with a sharp downward deflection. Hence, it would be preferable perhaps 
to designate the rhythm as a series of premature auricular beats rather than as 
a short run of paroxysmal auricular tachycardia. 

Although Bloomfield and associates" in their study of cavity pressures ob- 
served no induced arrhythmias when the tip of the catheter was located in the 
right atrium, Hecht® and Battro and Bidoggia’ described and reproduced tracings 
showing auricular premature beats. The reason for the apparent disparity in the 
frequency of auricular and ventricular premature beats will be discussed in a 
later communication. 


Intra-Atrial and Esophageal Leads.—Fig. 8 consists of three sets of tracings 
taken from Patient 20. In each pair of curves the upper tracing represents the 
potential variations in the upper one-half of the right atrium while the lower 


tracing represents those in the esophagus with the esophageal electrode in each 
case placed at the same vertical distance from the suprasternal notch as the intra- 
atrial electrode. While Curve A was being registered the patient was lying on his 
left side, and the electrodes, as viewed in the frontal plane of the fluoroscopic 
screen, were superimposed. While Curve B was being recorded the patient was 
lying on his back, and the screen showed the electrodes to be 9.0 cm. apart. 
During the recording of Curve C the patient was lying on his right side, and the 
electrodes were 15.0 cm. apart. The differences in the relative positions of the 
electrodes were due in part to the mobility of the heart in relation to the fixed 
position of the esophageal electrode and in part to the varying projections of the 
two catheters upon the frontal plane of the fluoroscopic screen as the trunk was 
turned in the various positions. The tracings were taken with the camera at its 
rapid speed (75 mm. per second). 

In Curve A, the intrinsic deflection, as recorded by the esophageal electrode, 
was inscribed 0.05 second later than by the right auricular electrode. The 
rhythm was regular at this time. In Curve B, the esophageal intrinsic deflection 
was written 0.08 second later than that recorded in the right atrium, and in Curve 
C, 0.07 second later. In this patient the intrinsic deflections in leads made low 
in the right atrium, not reproduced here, occurred 0.06 to 0.07 second after those 
in leads made high in the right atrium. It is apparent, then, that, generally 
speaking, the intrinsic deflection occurs during the first one-half of the auricular 
complex in right auricular leads and in its second one-half in esophageal leads, but 
that there might be some overlapping due to simultaneous activation high in the 
left atrium and low in the right atrium, or even activation high in the left atrium 
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prior to activation low in the right atrium. Since the esophagus is normally in 
relation to the left atrium rather than the right atrium,’ it is clear that activation 
of the upper right atrium occurred 0.05 second earlier than activation of the 
accessible portion of the left atrium. In Curves B and C, the esophageal electrode 
was obviously in relation to parts of the left atrium more remote from the site 
of impulse formation than in Curve A. 

The final complexes in Curves B and C represent auricular premature beats 
with ventricular aberration. In each of these premature beats there was a still 


A. a 


Fig. 8.—Simultaneous intra-auricular and esophageal electrograms from Subject 20 with fast 
camera (75 mm. per second). A, Patient lying on left side and electrodes are superimposed, as viewed 
in fluoroscopic screen. Intrinsic deflection 0.05 second later at esophageal (lower tracing) than at intra- 
auricular electrode (upper tracing). B, Patient lying on back; electrodes 9.0cm. apart. In normal beats 
(first two complexes) the intrinsic deflections are written 0.08 second earlier at the right auricular elec- 
trode than at the esophageal electrode. In the auricular premature beat (third complex) the delay 
in the intrinsic deflection was increased to 0.13 second. Note ventricular aberration in the esophageal 
tracing. C, Patient lying on right side; electrodes 15 cm. apart. Delay in intrinsic deflection in 
normal complexes is 0.07 second; in premature auricular beat, 0.11 second. This indicates a longer 
course of the ectopic beat than of the normal beat to the intraesophageal electrode and illustrates the 
later activation of the left atrium than the right atrium. 
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greater delay in the arrival of the intrinsic deflection at the esophageal electrode, 
the interval from the intrinsic deflection in the right atrium to that at the esopha- 
geal electrode measuring 0.13 second in Curve B and 0.11 second in Curve C. 
This indicates that the impulse arising at the ectopic site at or near the tip of the 
intra-auricular electrode pursued a longer course to the point in the left atrium 
tapped by the esophageal electrode than impulses arising in the normal pacemaker. 


Similar simultaneous intra-auricular and esophageal tracings obtained in three 
other cases confirm the observation that the intrinsic deflection arrived in the 
left atrium 0.05 to 0.07 second later than at corresponding levels in the right 
atrium. This corresponds to the current teaching that the bulk of the right 
atrium is normally stimulated before the bulk of the left atrium. 


SUMMARY AND CONCLUSIONS 


The auricular complex of the electrogram is predominantly a downward 
deflection when recorded high in the right atrium, biphasic when recorded 
in its middle portion, and predominantly upright when recorded low in the right 
atrium. 

The intrinsic deflection is inscribed early (median value 0.00 second) high in 
the right atrium, later (median value 0.02 to 0.03 second) in mid-positions in 
the right atrium, and late (median value 0.05 second) low in this chamber. In- 
trinsic deflections are often absent in tracings made in the low median position 
and correspond to the absence of an apposite atrial muscle mass at the tricuspid 
valve. 

Small initial downward deflections (Q, waves) are occasionally inscribed 
high in the atrium or at the mid-median position. They become smaller as the 
recording electrode moves to lower levels. There is as yet no clear evidence 
establishing their relationship to electrical activity in the sinoauricular node. 

The deviation of the S,-T, segment above the isoelectric line is not a function 
of the heart rate and is not clearly due to the contact of the tip of the catheter 
with the auricular wall, but is related to the level of the electrode in the right 
atrium. 

Auricular premature beats are occasionally recorded when the electrode is 
stationary or in motion. They begin with a sharp downward deflection, indicating 
that the impulse retreats from the electrode and is apparently initiated by it. 
A paroxysm of four premature auricular beats was recorded in one instance as 
the catheter was withdrawn from the right atrium. 

Although there may be some overlapping, the left atrium is stimulated 
later than the right, as indicated by the arrival of the intrinsic deflection 0.05 
second later at the esophageal electrode than at an intra-auricular electrode placed 
at the same vertical level. 

We are most grateful to Dr. Frank N. Wilson of Ann Arbor for his invaluable criticism of the 
manuscripts, and to the late Dr. Antonio Battro of Buenos Aires, both of whom stimulated 
the studies reported in this and the following paper. We are indebted to Miss Eunice Gilman 


for technical assistance. 
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STUDIES IN INTRACARDIAC ELECTROGRAPHY IN MAN 


Il. Tue PoTENTIAL VARIATIONS IN THE RIGHT VENTRICLE 


Haro.p D. Levine, M.D., HARPER K. HELLEMs, M.D.,* DEXTER, M.D., 
AND ARTHUR S. TucKER, M.D. 
Boston, MAss. 


PREVIOUS communication! was concerned with the electrical phenomena 

within the right atrium. Coincidentally with that study, observations 
were made of the potential \ariations within the right ventricle. The general 
technique employed has been described in the earlier publication and will be 
amplified somewhat in this paper. 

All studies of the potentials within the normal right ventricle have revealed 
an R wave as the first deflection of the ventricular complex. Hecht* described 
this as diminutive, but others have noted that it may attain considerable size. 
The presence of this R wave has been regarded uniformly as corroborative evi- 
dence that activation of the left side of the interventricular septum nermally 
precedes activation of the right side. This asynchronism may be regarded as a kind 
of physiologic, incomplete right bundle branch block of minor grade. In left 
bundle branch block,** because septal activation proceeds from the right to the 
left side of the septum, this initial R wave is lost; and the ventricular complex 
in the right ventricle begins with an S wave. By the same token, the R wave 
is unusually prominent in right bundle branch block. 

Because the electrede has the twofold effect of functioning as both a record- 
ing and, by virtue of its mere contact, as a stimulating electrode, two other 
phenomena have been observed consistently: a tendency to premature ventricular 
beats or short runs of ventricular tachycardia and the induction of monophasic 
ventricular action currents. The former, from their appearance in the conven- 
tional leads, have been shown to correspond to our present conception of right 
ventricular premature beats. The latter have been found to disappear when the 
catheter is withdrawn slightly from its contact with the ventricular wall. 


PROCEDURE 


The present study of twenty-seven individuals, all but three of whom had 
normal hearts, began with a re-examination of the potentials within the right 
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ventricle with particular attention to the mechanism and site of production of 
ventricular premature beats and paroxysmal ventricular tachycardia, the mechan- 
ism and distribution of ventricular monophasic action currents, and the varia- 
tions in the ventricular R waves. 

The presence of the catheter in the right pulmonary artery was indicated by 
its characteristic arclike course into the hilar region of the right lung. With 
this assurance, the chamber which the catheter enters when it is withdrawn 
must be the right ventricle. Tracings were then taken in high, mid, and low 
positions in the right ventricle. In many subjects it was impossible to insert the 
catheter into the lower or apical pole of the right ventricle, and it was necessary 
to be content with tracings taken with the electrode in the vicinity of the tri- 
cuspid valve. In the earlier observations, the intraventricular electrogram was 
taken simultaneously with unipolar chest Lead V2, or rarely, with unipolar limb 
Lead V,, but in the later observations, the intraventricular electrode was paired 
simultaneously with an electrode on the precordium directly overlying the intra- 
cardiac electrode, as determined fluoroscopically. In several subjects continuous 
tracings were taken as the catheter was withdrawn from the right pulmonary 
artery, through the right ventricle, and into the right atrium, or from presumed 
contact with the ventricular wall to a free position near that point of contact. 
Standardization of the intraventricular potentials was difficult, but generally the 
current recorded by the intraventricular electrode was standardized so that one 
millivolt preduced a deflection of one centimeter; if this caused the curve to leave 
the field, it was standardized so that one millivolt produced a deflection of two 
millimeters. In a few subjects such tremendous action currents were obtained 
that the tracing showed no deflection at all when the standardizing button was 
depressed. 

OBSERVATIONS 

Ectopic Ventricular Rhythms.—In the entire group of twenty-seven indi- 
viduals studied, none exhibited spontaneous ectopic ventricular rhythms prior 
to catheterization, during the insertion of the catheter into the right atrium, or 
while the tip of the catheter remained in the right atrium. In the vast majority, 
however, ventricular premature beats or paroxysms of ventricular tachycardia 
were recorded while the tip of the catheter was in the right ventricle. If such 
rhythms did not develop spontaneously, they could always be induced, almost at 
will, by the eatheter being advanced while it still remained within the ventricle. 
In a previous communication,® ventricular premature beats were reported as 
occurring in only two-thirds of a series of forty-two patients when the catheter 
was introduced into the right ventricle. The present study indicates clearly that 
this arrhythmia is induced much more frequently than the earlier observation 
indicated. When the catheter was passed through the pulmonic valve orifice into 
the common pulmonary artery, the ventricular ectopic beats stopped immedi- 
ately.* At this time a portion of the length of the catheter was, by necessity, 
situated in the ventricle, but certainly not in contact with the interventricular 


*In the present series of observations, ectopic rhythms were, in fact, never recorded electrically or 
observed fluoroscopically while the catheter was in the pulmonary artery. 
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septum and probably not in contact with the free wall of the ventricle. In con- 
tradistinction to the mobility of the catheter when its tip was still in the ventricle, 
the catheter was now in an apprcximately fixed position forming a curved arc 
of relatively fixed radius extending from the tricuspid to the pulmonic valve. 
When the catheter was again withdrawn into the right ventricle, premature 
ventricular rhythms suddenly reappeared. This phenomenon was observed 
repeatedly under fluoroscopic vision and was recorded in many cases, the moment 
of the first reappearance of premature ventricular beats coinciding with the re- 
entrance of the tip of the catheter into the ventricle. On further withdrawal of 
the catheter into the right atrium, the ventricular ectopic rhythms again dis- 
appeared abruptly in all cases. From the consistency of these observations, it is 
apparent that these ventricular ectopic rhythms were due to the presence of the 
tip of the catheter in the ventricle. 


Premature ventricular beats recorded from the cavity (Figs. 1,D and F, and 
2) began always with a sharp downward deflection initiating a bizarre, prolonged 
ORS complex which was located entirely or almost entirely below the isoelectric 
line and was followed generally by an elevated RS-T segment and an upright 
T wave. In terms of the bipole theory, the fact that these premature complexes 
sprang abruptly downward indicates that at the time of their inscription the im- 
pulse moved away from the recording electrode. Simultaneously recorded pre- 
cordial leads showed a small initial upward deflection which coincided with the 
first portion of the intraventricular downward deflection and gave way abruptly 
to a deep downward deflection. The premature impulse first approached then 
retreated from the precordial electrode. During the short initial period when 
the impulse moved from the intraventricular electrode and toward the precordial 
electrode, activation of the ‘free wall’’ of the right ventricle must have occurred. 
During the latter and longer portion of the bizarre QRS complex, when the 
impulse moved away from both the intraventricular and precordial electrodes, it 
must have activated more remote regions of the heart, presumably the left 
ventricle and the base of the right ventricle. 


In a number of cases simultaneous tracings were taken which simultaneously 
recorded the intraventricular potentials and those of the standard limb leads 
(I through III), the unipolar limb leads (Vr, Vr, and Vr), and the unipolar chest 


Fig. 1.—A, X-ray film showing position of catheter in pulmonic conus, with tracings taken at 
corresponding level. Upper curve, intracardiac potentials showing small R and large R’ wave. Lower 
curve, at precordia] point directly overlying intraventricular electrode. Precordial R wave follows 
intraventricular R’ by 0.01 second. B, Same except that electrode is about halfway between apex and 
pulmonic conus. Precordial R follows intraventricular R by 0.01 second. Q-T equal in both tracings. 
Apices of T waves coincide. C,.Same with electrode near apical pole. Precordial R much smaller 
than intraventricular R. Intrinsic deflections occur simultaneously at precordial and intraventricular 
electrodes. Q-T intervals and apices of T waves coincide. D, Monophasic acticn currents terminated 
by withdrawal of catheter a short distance, followed by a normal beat, a short paroxysm of ventricular 
tachycardia, and later a ventricular premature beat. Ectopic beats begin with sharp downward de- 
flection. Upper curve, intraventricular lead. Lower curve, Lead V2. E£, Intraventricular monophasic 
action currents recorded simultaneously with conventional Leads I, II, and III. T) is flat. No RS-T 
deviations in twelve-lead electrocardiogram corresponded to the intraventricular monophasic action 
current. F, Short paroxysm of ventricular tachycardia followed after two normal beats by a shorter 
paroxysm of different (septal) form with QRS duration of 0.10 second and with very little correspond- 
ing change in the appearance of the complexes in V2 (lower curve). The next to last complex is a single 
premature septal beat. Patient 19. All roentgenograms retouched to emphasize cardiac outline. 
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leads (V, through 
in Lead I and thus resembled the QRS complex of left bundle branch block 
When the heart was in a vertical position, the aberrant QRS was up- 


(Fig. 2). 
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In all instances the premature QRS complex was upright 


Fig. 2.—-Curves demonstrating the right ventricular origin of premature beats induced by the 


catheter in the right ventricle. 
premature (X) complexes. 


Intraventricular potentials in upper curves show normal (N) and 


Lower curves comprise complete set of twelve electrocardiograms. The 


premature QRS complex begins with a sharp downward deflection within the ventricle. The prema- 
ture QRS is upright in Lead I, thus resembling left bundle branch block. Subject 23. 
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right in Lead Vy; when in a horizontal position, this complex was upright in 
Lead V;. The QRS complex was predominantly downward in Lead V, and 
upright in Lead V¢, the point of transition from a downward to an upright com- 
plex being at intervening positions (Positions 2 through 5), depending upon the 
position of the interventricular septum. The ectopic beats were thus right ven- 
tricular premature beats. These observations corroborate the findings of Lenégre 
and Maurice,® Battro and Bidoggia,*: and Sodi Pallares and associates, * * 
all of whom employed a recording electrode within the heart, and of Barker, 
MacLeod, Alexander, and Wilson,’ who applied the electrode directly to the 
exposed surface of the human heart. 


Spontaneous or induced left ventricular premature beats were not observed 


in the present series. 


Fig. 3.—Paroxysms of ventricular tachycardia. The intraventricular tracing (upper curve) shows 
complexes beginning with sharp downward deflections. slight variation in form from complex to complex, 
and slight irregularity in rhythm. The precordial potentials (V2, lower curve) begin with a small up- 
ward deflection followed by a deep downward deflection. The lag in the upper curve is due to non- 
critical damping. 


These premature beats were generally single but frequently multiple and, 
unless the position of the catheter was changed, of similar form. Short salvos 
of such premature ventricular beats were frequently observed. Longer runs 
(lasting nine to ten seconds) were occasionally recorded (Fig. 3). From the 
duration of the QRS complexes, their bizarre appearance, the slight variations 
in their form from complex to complex, and the slight irregularity in rhythm, 
these tracings gave the characteristic appearance of paroxysmal ventricular 
tachycardia. Ventricular premature beats or paroxysms of ventricular tachy- 
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cardia stopped immediately when the catheter was withdrawn either slightly 
within the right ventricle or totally into the right atrium. 

During the withdrawal of the catheter from one point to another in the ven- 
tricle of one subject (Fig. 1,D and F), paroxysms of ventricular tachycardia were 
recorded which arose from more than one focus. In Fig. 1,F, a short paroxysm 
beginning with a premature ventricular beat was followed by two normal beats 
and these in turn by another short paroxysm, each QRS complex of which lasted 
0.10 second or less and, particularly in the precordial lead, resembled the normal 
complexes quite closely. This corresponded to a series of septal premature beats. 
In this and other subjects numerous attempts to bring the tip of the catheter into 
relation with free wall of the right ventricle were unsuccessful. Therefore, it is 
felt that all ectopic rhythms recorded may be attributable to stimulation of the 
right ventricular surface of the interventricular septum. In the tracing under 
consideration (Fig. 1,F), it appears that the two different forms of ectopic im- 
pulse may have arisen from two different points on the septum. 

Ectopic beats were much more frequently induced with the catheter in the 
right ventricle than in the right atrium. This difference may have been more 
apparent than real and may have been due to the fact that in entering the right 
atrium the catheter pursued a midstream course and did not tend to strike the 
auricular walls, whereas on entering the ventricle, the catheter almost inevitably 
impinged against the septum before it could be doubled back toward the in- 
fundibulum of the right ventricle. 

The marked contrast between the ease of inducing these rhythms within 
the ventricle and the difficulty of inducing them by mechanical contact with 
the epicardium of the ventricle seems more fundamental. Surgeons infrequently 
note arrythmias on simple handling of the epicardium. Paroxysmal tachycardia, 
in particular, is an exceedingly rare complication of handling the heart. To pro- 
voke premature beats, it is generally necessary either to prick the surface of the 
heart with a sharp instrument or to stimulate it electrically. Because of this 
difference in the vulnerability of the endocardium and epicardium, it has even 
been alleged that the usual site of formation of ventricular ectopic rhythms is 
in the endocardium and, more particularly, in the subendocardial tissue of 
Purkinje’s network,’ but proof of this is not at hand. The present technique 
offers a promising method of investigating this problem. 

During the presence of either of these abnormal rhythms, some of the sub- 
jects either complained spontaneously, or on questioning, of a fluttering, pound- 
ing, or uncomfortable sensation in the “heart’’ or chest or epigastrium (‘‘stom- 
ach’). One or two developed a short, irritative, unproductive cough whenever 
ectopic rhythms were seen fluoroscopically or recorded electrographically. These 
rhythms have been a troublesome nuisance in certain physiological investiga- 
tions, but this method may conceivably provide a useful tool in the electrographic, 
physiologic, and pharmacologic study of ectopic rhythms. 

Monophasic Action Currents.—Large monophasic action currents were fre- 
quently recorded in tracings made within the cavity of the right ventricle, the 
slow return of the ventricular complex beginning at the top of the R or R’ wave 
and reaching the isoelectric line at the same moment as the T wave of simul- 
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taneously recorded Lead V2. These monophasic action currents resembled those 
seen in acute myocardial infarction. But they were not associated with RS-T 
segment deviations in the potentials recorded by an electrode applied to the pre- 
cordium directly overlying the tip of the catheter or in any of the usual conven- 
tional or unipolar limb leads or unipolar chest leads paired simultaneously with 
the intraventricular lead. On the contrary, the complexes of extracavity leads 
had an identical appearance whether or not monophasic action currents were 
recorded within the ventricle. It is apparent, then, that if this large deviation 
represents a current of injury, the extent of that injury must be very localized 
in distribution and is detectable, perhaps, only at the site of that injury, the 
deviation being recorded only at the electrode in the tip of the catheter, which 
electrode serves as both a stimulating and recording unit. This emphasizes the 
very important fact that currents of injury of limited distribution may not be 
reflected in the electrocardiogram even when elaborate multiple ‘‘exploratory”’ 
(twelve- or thirteen-lead) electrocardiograms of the type in current use are em- 
ployed. 


That these monophasic action currents actually are the result of the contact 
of the tip of the catheter with the ventricular endocardium and the trauma pro- 
duced by that contact was demonstrated repeatedly on withdrawing the catheter 
slightly. On this maneuver, the large monophasic action currents disappeared 
abruptly, the first complex showing obliteration of the RS-T segment elevation 
often having an appearance similar to those previously recorded, except for the 
disappearance of the deviation; the simultaneously recorded precordial lead 
remained unchanged. This is illustrated in Figs. 4,D and 5,C. Sometimes the 
complex following the last monophasic complex was a ventricular premature beat 
(Fig. 1,D). In either case, premature ventricular beats or paroxysms of ven- 
tricular tachycardia were very prone to occur in the next few moments. This 
suggests that a constant contact of the catheter with the ventricular endocardium 
is apt to produce monophasic action currents, while intermittent contact of the 
catheter with the endocardium of the contracting ventricle tends to induce ectopic 
rhythms. In view of these relationships and what has been said about the direc- 
tion of spread of these impulses, it is reasonable to assume that these ectopic 
beats actually originate at the site of contact. 


The Ventricular R Wave.—With three exceptions, which will be described, 
an initial R wave was recorded somewhere in the right ventricle in all of the 
twenty-seven subjects of this study. Usually this initial upward deflection showed 
different potentials in different parts of the ventricle. The voltage was greatest 
at the lower (apical) pole of the ventricle in most subjects (Figs. 1,4, B, and C 
and 4, A, B, and C), greatest in the pulmonic conus in a few, and equally tall at 
high and low positions, but smaller in intermediate positions, in one individual. 
In two individuals the R waves were of approximately equal magnitude through- 
out. Occasionally, variations in the height of the R wave were detected in a 
single tracing at one level. This is illustrated in Fig. 6,4 and B. The second 
complex of Fig. 6,4, which was not premature, showed no R wave, while all of 
the other complexes had R waves measuring 2.0 mm. in height. The R waves 
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of the third and fourth complexes of Fig. 6,B (the lower tracing is the intra- 
ventricular potential) are about twice as tall as that of the first complex. In 
several subjects a second upward deflection was inscribed (Fig. 1,4); this was 
frequently associated with a monophasic action current (Fig. 5,C). 


Fig. 5.—-Tracings showing variations in the height of R wave in the right ventricle. A, Pulmonic 
conus. Precordial (lower curve) and intraventricular (upper curve) electrodes juxtaposed as seen in 
frontal plane of fluorscopic screen. Corrected intraventricular R measures 5 millimeters. No pre- 
cordial R. Intraventricular R is biphasic. B, Mid-ventricular level. Same standardization. Cor- 
rected intraventricular R measures 23 millimeters. C, Apical pole. Same standardization. Corrected 
R measures 5 centimeters. Note disappearance of monophasic action current on withdrawal of catheter. 
The electrode was in the lower part of the right atrium when the last complex was inscribed. Patient 20. 


B. 


Fig. 6.—Variation in height of R at one level. <A, Intraventricular tracing at low ventricular 
level in Subject 2. Regularrhythm. Second complex shows no R. In other complexes R measures 2 
millimeters. B, Lead V2 (upper curve) and potentials low in right ventricle (lower curve) in Subject 
18. Height of R in first complex is about one-half that in the third and fourth complexes. 
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In Fig. 24 of their paper, Sodi Pallares and associates‘ noted a higher R wave 
with the electrode in the pulmonary conus than in any other part of the right 
ventricle. It was thought that this may have been a normal finding or the result 
of hypertrophy of the upper part of the septum. In view of the frequency of 
variation in the height of R and the infrequency of important variations in the 
thickness of the greater part of the normal interventricular septum,* the latter 
alternative seems unlikely. The possibility is suggested that the variations may 
be attributed to variations in the distance of the electrode from the septal wall. 
It would then be necessary to assume that the potential of the endocardial sur- 
face of the septum is not transmitted undiminished to the electrode within the 
ventricular cavity. This idea is at variance with the view of Battro and Bidog- 
gia,® who hold that the electrode is in virtual contact with the endocardial surface 
of the heart by means of the intracardiac blood and, therefore, imply that the 
electrode records the actual potential at the endocardial surface. Evidence for 
or against this view is not available. 

In twelve subjects the potential variations at a point on the precordium 
immediately overlying the intracardiac catheter, as determined fluoroscopically, 
were recorded simultaneously with the intraventricular potentials at that level. 
In Fig. 4,A, although the standardization of the potentials recorded in the pul- 
monic conus (upper tracing) was equal (1.25 mm.) to that recorded at the over- 
lying precordial point (lower tracing), the potential of the R wave recorded at 
the precordial point was higher than that recorded within the ventricle and the 
intrinsic deflection of the precordial lead began 0.01 second later than the intrinsic 
deflection of the intraventricular lead. In Fig. 4,B the voltage of the R wave 
of the tracing made at a midpoint within the right ventricle was greater than that 
recorded at a point on the precordium directly overlying the intracavity elec- 
trode, but again the intrinsic deflection was 0.01 second later in the precordial 
electrocardiogram. In Fig. 4,C, with the intraventricular tracing standardized 
to 70 per cent of the precordial curve, the voltage was again smaller on the pre- 
cordium than in the lower part of the ventricle, but the intrinsic deflections were 
coinstantaneous. 

In Fig. 1,4, obtained from a patient with an obscure rheumatic state, in a 
lead made within the pulmonic conus, a diminutive R wave was followed by an 
S wave, and this in turn by a second upward deflection (R’). In a lead made 
on the overlying precordium, no R wave was inscribed coincident with the intra- 
ventricular R wave, but a small R wave was recorded in the precordial lead 
which followed the intraventricular R’ by less than 0.01 second. In Fig. 1,C, 
a tracing taken at low ventricular levels, the R deflections were coinstantaneous 
in leads made from within the ventricle and on the precordium, but the potential 
in the precordial lead was but a minute fraction of the intraventricular potential. 

The interpretation of these data is rendered difficult for several reasons: 
(1) the intracardiac electrode in these individuals was not in contact with the 
endocardium of the ‘‘free wall’’ of the right ventricle, (2) the precordial electrode 


*Except in its upper portion where it tapers toward the ‘‘undefended space” and in the lower portion 
of its right ventricular aspect where, in contrast to its smooth left ventricular side, it is coarsely trabecu- 
lated, the interventricular septum is of approximately uniform thickness. 
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constituted an ‘‘indirect” lead and not a ‘‘direct’’ lead in contact with the epi- 
cardium, and (3) all portions of the heart, near and remote, and not merely the 
heart muscle lying between them, contributed in greater or lesser degree to the 
potentials recorded at the intraventricular and precordial electrodes. The fact 
that the T wave was inverted in leads made from the right ventricular cavity and 
upright in the precordial leads is consistent with the conception that between the 
ventricular cavity and the chest wall the impulse traversed healthy, responsive 
heart muscle and that the potentials of the intervening free wall of the right 
ventricle contributed to the precordial potentials. 


Possible Catheterization of the Left Atrium.—Three puzzling exceptions were 
noted to the rule that an R wave was always detectable in leads obtained from 
within the right ventricle of these normal subjects. In each of these three 
individuals a high deflection preceded the ventricular S wave by too long an 
interval to be considered part of the ventricular complex. The most prominent 
feature of this preliminary wave was a strikingly rapid downward deflection 
which followed an upward deflection and resembled the intrinsic deflection of the 
left atrium as recorded in the esophageal electrogram.' Its possible location in 
the left atrium was also suggested by its inscription in the latter half of the 
P wave of simultaneously recorded Leads Vy (Fig. 7,F) or V2 (Fig. 8,4). In 
Fig. 8,A this deflection began 0.08 second before the S wave recorded at high 
intraventricular levels, and 0.07 second before the ventricular S recorded at 
mid-levels. In Fig. 7,F it preceded the ventricular S wave by 0.10 second. In 
Case 8 (Fig. 7,A through £) the interval was 0.07 at high mid-levels, low mid- 
levels, and low levels, and 0.09 second in the presumed vicinity of the tricuspid 
valve. In the latter case the preliminary wave was entirely upright at high mid- 
levels; upright but about one-half as tall and with an upward deviation of the 
segment following it and preceding the ventricular S wave (Sa-Ta segment devia- 
tion) at low mid-levels; and biphasic but predominantly upright and with a lesser 
degree of upward deviation of the Sa-Ta segment at low levels. 

The possibility suggested itself then that in these three instances the catheter, 
instead of entering the right ventricle, had accidentally entered the left atrium, 
perhaps through a patent foramen ovale or interatrial septal defect. In one 
individual (Fig. 8) a faint (Grade 1) systolic murmur was heard in the second 
and third intercostal spaces just to the left of the sternum. In another a faint 
(Grade 1) systolic murmur was heard at the cardiac base by one observer. Physi- 
cal examination and roentgen-ray examination of the three hearts were other- 
wise normal, and during the procedure of catheterization nothing unusual was 
noticed by the operator of the catheter or by the roentgenologist. In one of 
these cases (Fig. 7,4) the catheter had been passed into what was presumed to 
be the right pulmonary artery just before the intracavity potentials were recorded. 


This presumption was based upon a typical roentgen-ray appearance. In one of 
the others (Subject 26, Fig. 8) the attempt to enter the pulmonary artery at that 
time was abandoned because of painful venospasm; in that case, comment was 
made on the difficulty of inducing premature ventricular beats. In the third 
individual (Patient 6) the attempt to enter the pulmonary artery was abandoned 
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after several unsuccessful tries. 


In each case the discovery of atypical tracings 
came as a surprise after they had been developed. 

In only one of these three individuals (Subject 26) was consent obtained to 
repeat the catheterization. In this patient the hollow catheter was then easily 
passed into the right ventricle and pulmonary artery. Numerous attempts to 


Fig. 7.—Absence of ventricular R wave in (?) right ventricle. A through E, from Patient 8. 
A, Characteristic course of catheter into right pulmonary artery. B, High mid-level. Late intrinsic 
deflection auricular wave, absent R, Ra-S (interval from auricular R wave to ventricular S wave) 0.07 
second. C, Low mid-level, Ra-S interval 0.07 second. D, Right ventricle at tricuspid valve. S,a-S 
(interval from auricular S wave to ventricular S wave) 0.09 second. E, low level. Sua-S interval 0.07 
second. F, Subject 6 at high level. Ra-S interval 0.10 second. Lead Vr in ‘ower curve. Note up- 
ward deviation of Ra-Ta or Sa-Ta (atrium) segment in C, D, and E. 


enter the left atrium through a possible interauricular septal defect were un- 
successful. The pressure curves and the oxygen content of blood obtained in the 
atrium, ventricle, and pulmonary artery were quite normal. The oxygen con- 
tent of blood obtained at high, mid-, and low levels in the right atrium was sub- 
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stantially the same. Hence, the possibility of accidental catheterization of the 
left atrium in these subjects remains unproved. 

Another possible explanation for these facts is that left auricular potentials 
were recorded while the catheter actually remained in the right ventricle. This 
would be conceivable if the electrode were located in the pulmonic conus in 
apposition with the appendage of the left atrium but would not explain their 
inscription in the vicinity of the tricuspid valve (Fig. 7,D and £). 


Fig. 8.—Absence of ventricular R wave in (?) right ventricle. A, High level. Upper curve, 
potentials at precordium immediately overlying intracardiac catheter. Lower curve, intracardiac 
potentials. Ventricular R absent. Auricular R wave coincides with second half of precordial P wave. 
B, Mid-level. Relation of curves same asin A. Note deep S followed by R’ and upward deviation of 
R-T (atrium) segment in lower (cavity) curve. Recatheterization with hollow catheter failed to prove 
interauricular septal defect. 


SUMMARY AND CONCLUSIONS 


In the study of the potential variations of the right ventricle of twenty-seven 
subjects, premature ventricular beats and paroxysms of ventricular tachycardia 
of right ventricular origin were frequently recorded. These resulted from the 
contact of the tip of the catheter with the endocardium of the right ventricular 
aspect of the interventricular septum. 


Monophasic action currents, due to a current of injury consequent upon con- 
tact of the catheter with the endocardium, were occasionally recorded, but cor- 
responding RS-T deviations were not revealed in standard limb, unipolar limb, 
or unipolar chest leads taken simultaneously with the intraventricular potentials, 
indicating that the injury effect was quite localized in its distribution. 


In all but three individuals an initial upward deflection (R wave) was in- 
scribed; in a few, an R’ as well. Although the R wave was usually taller in the 
apical pole than elsewhere in the right ventricle, in a few instances this relation- 
ship did not hold. Occasionally the R wave varied in height at one level. 


In three subjects no initial ventricular R wave was recorded, but the ven- 
tricular S wave was preceded by a large, predominantly upright wave with an 
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intrinsic deflection coinciding with the second half of the P wave. This sug- 
gested accidental catheterization of the left atrium, but correlative proof of this 


was not obtained. 
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THE EFFECT OF ATABRINE (QUINACRINE HYDROCHLORIDE) 
ON CARDIAC ARRHYTHMIAS 


MENARD M. GERTLER, M.D., Boston, MAss., AND STEPHEN B. YOHALEM, M.D., 
New York, N. Y. 


HE search for hitherto undiscovered but more efficient biologic properties 

known to exist in certain chemical compounds of totally different structure, 
yet possessing comparable biologic activity, has been carried on in what proved 
to be profitable research during World War II. This report pertains to one such 
investigation. 

Quinidine (an isomer of quinine) is employed universally for the restoration 
of auricular fibrillation and other cardiac arrhythmias to regular sinus rhythm. 
Its efficacy is thought to depend upon several actions of the drug: (a) lengthen- 
ing of the refractory period of atrial muscle by direct action and by decreasing 
vagal inhibitory action on the atrium, (b) decreasing the rate of conduction in 
atrial muscle, and (c) depressing A-V conduction. By these combined actions 
it is thought that the circus movement in the atrium responsible for auricular 
fibrillation is abolished, thus allowing the sinoauricular node to resume its 
physiologic action as cardiac pacemaker.'? 

Evidence has accumulated in the literature concerning the unusual parallel- 
ism of physiologic properties between atabrine, the chemical formula of which is 
3 chloro-7 methoxy-9-(1-methoxy-4 diethylaminobutylamine )-acridine, and qui- 
nine (quinoline linked with quinucleotide by means of an secondary alcohol). 
In spite of their totally different chemical structures, they both inhibit cholin- 
esterase extracted from the electric organ of “‘Electrophorus electricus,’* dilate 
the coronary arteries of the perfused rabbit heart,‘ inhibit gastric secretion pro- 
duced by rhythmic vagal stimulation,’ increase the refractory period and de- 
crease the excitability of the motor end plate in striated and smooth muscle,® 
and depress excitability in the perfused rabbit’ and frog hearts.® 

Shortly after Babkin and Ritchie demonstrated that quinine partially 
paralyzed the vagal inhibitory fibers to the dog heart,’ it was observed by Gertler 
and Karp that atabrine possessed the identical property."® In addition, the 
action of atabrine, like that of quinine, was antagonized by eserine and antago- 
nistic to mecholyl. This parallelism and the established efficacy of quinidine, 
an isomer of quinine, in restoring regular sinus rhythm to hearts in auricular 
fibrillation and other cardiac arrhythmias suggested that atabrine would be 
similarly effective. Experiments devised to test the validity of this hypothesis 


The work reported in this paper was carried out in the Cardiographic Depart ment and the Second 
Medical Service, The Mount Sinai Hospital, New York City. 
Received for publication Dec. 12, 1947. 
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were conclusive." When injected intravenously, atabrine almost immediately 
restored regular sinus rhythm in animals with experimentally produced auricular 
fibrillation and supraventricular tachycardia of the vagal type.“ Subsequently, 
atabrine was employed in the treatment of hospitalized patients with encour- 
aging results.” 

The published data on the toxicity of atabrine in man emphasize liver 
intoxication ,™“ skin discoloration,” central nervous system damage,’ and gastro- 
intestinal disturbances,!’ but minimize cardiovascular injuries.1*'® There are 
several reports which stress the toxic effects of intravenous or perfused atabrine 
on the intact and perfused rat heart* or rabbit heart.?° In these experiments, the 
atabrine employed was in a very acid solution (pH 4.9 approximately). The 
question arises as to whether the results are to be attributed solely to the atabrine 
or to the acidity, or to a combination of both, for it is known that acid solutions 
when rapidly injected intravenously may produce results similar if not identical to 
those reported.24_ This study was undertaken in human subjects because of the 
favorable preliminary experimental indications and the relative assurance that 
the risk of toxicity with atabrine in the dose required for this study would be 
minimal and, at most, no greater than the risk entailed in the administration of 
many commonly used therapeutic substances. The present report will include 
all hospitalized patients with cardiac arrhythmias treated with atabrine by the 
authors. 


METHODS AND MATERIALS 


The cases reported in this series represent, in the main, consecutive, un- 
selected patients, admitted to the medical service of Dr. I. Snapper, with auricular 
fibrillation, supraventricular tachycardia, and ventricular tachycardia. The 
exceptions are Cases 6, 16, 20, and 31; these patients were admitted to the 
medical service of Dr. George Baehr. 

The dosage of atabrine varied from 0.3 to 0.6 Gm., intramuscularly, in the 
frst nine cases; in all but two of the remaining cases 0.4 Gm. was given intra- 
muscularly. All injections were administered in the gluteal region, the atabrine 
being dissolved in 10 c.c. of 1 per cent novocaine solution. Cases 12 and 31 were 
treated by injecting intravenously 0.1 and 0.2 Gm. atabrine dissolved in 10 c.c. 
and 20 c.c. of normal saline, respectively. In Case 31 the dose was repeated 
every hour until 0.6 Gm. were administered. When quinidine was given prior 
to atabrine, the dose was 0.4 Gm., orally, at two-hour intervals for five to twelve 
doses. Following quinidine therapy (if there was no response), an interval of 
six hours was allowed to elapse before atabrine therapy was attempted. Electro- 
cardiographic evidence of the nature and subsequent course of the arrhythmia 
was obtained in each case. Toxic effects, such as nausea or vomiting, were 
anticipated and noted when present. 

The results are presented in tabular form. The data do not include four 
patients with auricular fibrillation, supraventricular tachycardia, or ventricular 
tachycardia who responded to quinidine or other medication prior to the ad- 
ministration of atabrine. The arrhythmias other than auricular fibrillation 
are considered in a separate table. 
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RESULTS 


The results are summarized in Tables I and II. The following paragraphs 
will serve as a preamble to the tables. 


Auricular Fibrillation.— 


1. In Rheumatic Heart Disease: Five patients with rheumatic heart disease 
were treated, with successful results in two instances. In every case mitral stenosis 
with enlargement of the left auricle was present. Activity was present in all 
patients as evidenced by fever and elevation of the erythrocytic sedimentation 
rate. Case 17 is of special interest. The patient entered the hospital in severe 
congestive failure (Grade 3). Atabrine was administered immediately upon 
admission and failed to correct the arrhythmia. Quinidine was also ineffective 
six hours later. However, when the patient was brought out of failure by digitalis 
four days later, 0.8 Gm. of quinidine restored the auricular fibrillation to regular 
sinus rhythm. The full significance of this will be alluded to in the discussion. 
In Cases 7 and 15, where atabrine failed to correct the arrhythmia, quinidine 
was likewise ineffective. 


2. In Arteriosclerotic Hypertensive Heart Disease: Of the four patients 
with auricular fibrillation of this etiology treated with atabrine, one failed to 
respond. This patient was in Grade 4 congestive failure and the arrhythmia was 
of six months’ duration. Quinidine, also, did not affect the rhythm. 


3. In Arteriosclerotic Heart Disease: Of the six patients who did not re- 
spond to quinidine, four responded to atabrine therapy. In one of the patients 
resistant to atabrine (Case 6), the auricular fibrillation was of ten years’ duration 
and the patient died subsequently of mesenteric embolism. Digitalis leaf was of 
no value in the two failures. 


4. In Hypertensive Cardiovascular Disease: One patient was treated suc- 
cessfully with atabrine after quinidine had failed. 


5. In Thyrotoxic Heart Disease: Five patients with auricular fibrillation in 
thyrotoxic heart disease were unaffected by either atabrine or quinidine. One 
patient reverted spontaneously to regular sinus rhythm on the sixth postoperative 
day. 


6. In Auricular Fibrillation of Miscellaneous Etiology: In Case 1, reported 
elsewhere, enteric fever of unknown origin was present. The patient developed 
two spontaneous episodes of auricular fibrillation and both were controlled with 
atabrine.* During the second episode, quinidine was administered first and had 
no effect. In Case 2 in which atabrine treatment was successful, auricular 
fibrillation had occurred spontaneously in a patient with syphilitic heart disease 
and Grade 3 congestive failure while he was being treated with digitalis leaf. 
In Case 30 auricular fibrillation developed in a patient who died shortly after 
admission from what proved to be a pheochromocytoma. Atabrine, quinidine, 
and Digitaline Nativelle were all ineffective. 
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Two patients with auricular fibrillation of long duration in combined thyro- 
toxic and rheumatic heart disease did not respond to atabrine therapy. In one 
patient (Case 31) the rhythm was changed to auricular flutter, the rate being 
decreased from a range of 150 to 170 to 110 beats per minute. This patient 
received 0.6 Gm. atabrine intravenously within three hours, with no ill effects. 


Auricular and Ventricular Arrhythmias Other Than Fibrillation.— 


1. Nodal Tachycardia: Two patients with this arrhythmia, both of whom 
failed to respond to quinidine therapy, were treated successfully with atabrine. 
The patient in Case 12, which has been reported elsewhere, responded to 0.1 Gm. 
atabrine intravenously within two minutes of the onset of injection." 


2. Auricular Flutter: Of the two patients who had previously failed to 
respond to quinidine, one responded to atabrine therapy. In the unsuccessful 
case the patient had Fiedler’s myocarditis, the diagnosis of which was confirmed 
at necropsy. The rhythm was that of auricular flutter concomitant with a left 
bundle branch block which also failed to respond to Digitaline Nativelle. 


3. Ventricular Tachycardia: Two patients exhibiting ventricular tachy- 
cardia were unaffected by atabrine. One patient (Case 26) died and post- 
mortem examination revealed a myocardial infarct due to a coronary thrombosis. 
One patient (Case 20) presented combined thyrotoxic and rheumatic heart 
disease. Both digitalis and quinidine were also ineffectual in preventing a 


terminal outcome in these cases. 


DISCUSSION 


It is stated that quinidine will restore regular sinus rhythm to approximately 
60 per cent of carefully selected cases of auricular fibrillation. The results of 
various investigators vary because of the lack of uniformity in the selection of 
patients. It is known that many factors, such as the age of the patient, the 
duration of auricular fibrillation, the underlying pathologic conditions, the dura- 
tion of and dosage of quinidine administered, and the degree of cardiac failure, 
all have a bearing on the interpretation of the statistical analysis in each series. 
It is generally admitted, however, that the ideal subjects for successful quinidine 
therapy are ‘‘young people who exhibit the least degree of cardiac damage and 
in whom fibrillation is of recent origin.’’* It has also been stated that “quinidine 
is rarely successful in the degenerative types of heart disease’’* and that the 
“response is poor in rheumatic fever.’’* Quinidine therapy for auricular fibrilla- 
tion in thyrotoxic heart disease is, with rare exceptions, a complete failure .***7 


The patients comprising our series were unselected and were treated either 
by primary atabrine therapy or after ineffective quinidine medication. This 
method of study insured a more accurate and critical evaluation of the results 
and a more conservative estimate of the efficacy of atabrine in such arrhythmias. 
Considering all of the cases, including the five cases of thyrotoxicosis and the 
one case of pheochromocytoma, atabrine restored regular sinus rhythm in fif- 
If the six patients just 


teen of thirty-two patients with cardiac arrhythmias. 
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referred to are not included in the series, and there is some justification for not 
including them, then the percentage of positive results with atabrine is increased 
from 47 per cent to 60 per cent. 

The etiological distribution of the successfully treated patients differs some- 
what from the results obtained in other investigations with the use of quinidine. 
In this series the best responses occurred in the patients with arteriosclerotic 
heart disease (Table II), a group of patients who are usually refractory to quini- 
dine therapy. 

{t is interesting to note that in our series atabrine was effective in returning 
auricular fibrillation to regular sinus rhythm in eight of sixteen trials where 
quinidine had failed previously. In five other successful cases no comparison 
between the effectiveness of the two drugs was possible. Atabrine was unsuc- 
cessful in eight cases in which quinidine was also unsuccessful. In arrhythmias 
other than auricular fibrillation, two of the five patients who did not react to 
quinidine responded favorably to atabrine. The other three patients (Cases 
10, 20, and 26) died subsequently, despite therapy. One patient (Case 12) was 
treated by the intravenous use of atabrine. As has been pointed out, of the eight 
instances where atabrine failed to restore regular sinus rhythm from auricular 
fibrillation after quinidine had also failed, six of these patients did not respond to 
subsequent doses of quinidine and digitalis and one died before other therapy 
could be attempted. Similarly, in the arrhythmias other than auricular fibrilla- 
tion, no measures were effective in restoring regular sinus rhythm following 
failure with atabrine. 

The action of atabrine, a cardiac vagal inhibitor, calls attention to the impor- 
tance of the concept of auricular fibrillation which Nahum and Hoff have evolved. 
Nahum and Hoff® asserted that the circus movement responsible for auricular 
fibrillation is the result of vagal stimulation superimposed upon an £ (exciting) 
factor; the latter includes many conditions such as thyrotoxicosis, acute infec- 
tions, and stretching of the auricular fibers during congestive failure which 
produces hyperexcitability of the myocardium similar to that seen in skeletal 
muscle and nerve under tension.*> Thus, it is reasonable to assume that the 
optimal conditions for antifibrillation therapy would occur when both the vagal 
and £ factors are at a minimum, such as might be observed in slight infections, 
early congestive failure, or mild hyperthyroidism. Several patients in this series 
exemplify the Nahum and Hoff concept. In one patient (Case 17), atabrine 
failed to restore regular sinus rhythm from auricular fibrillation while he was in 
severe congestive failure. In this instance, the / factor, due to increased ten- 
sion on the auricles as a result of the congestive failure, was probably the initi- 
ating cause of auricular fibrillation. Hence, when the congestive failure was 
controlled and subsequently the increased tension on the auricles diminished, 
quinidine (atabrine was not attempted) rapidly restored regular sinus rhythm. 
Similarly, neither atabrine nor quinidine will restore regular sinus rhythm from 
auricular fibrillation in severe thyrotoxic heart disease, for the exciting factor 
is very potent and cannot be effaced by atabrine or quinidine. This viewpoint 
is supported by the frequent return of auricular fibrillation to regular sinus 
rhythm following the removal of the exciting factor by a subtotal thyroidectomy. 


i 
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The hospitalized group with auricular fibrillation treated successfully with 
atabrine consisted of nine patients in whom the duration of the fibrillation was 
less than twenty-four hours, and of twelve in whom the duration was less than 
forty-eight hours. Quinidine was ineffective in eight of these patients. Six 
patients in whom the auricular fibrillation was of longer duration than forty- 
eight hours (in some the duration was five years or more) and two patients in 
whom the duration of the arrhythmia was less than forty-eight hours were not 
affected by atabrine. Of the former six patients, quinidine was also ineffectual; 
of the latter two patients, one responded to quinidine after atabrine therapy 
had failed. This patient has been discussed in detail. 

The duration of the three arrhythmias other than auricular fibrillation in 
which atabrine was successful after quinidine was not successful was less than 
twenty-four hours. In the three patients in whom atabrine did not influence 
the rhythm the arrhythmias were of twenty-four hours’ duration or more. All 
three died shortly after hospitalization. From the results it is evident that 
atabrine is most successful, as is quinidine, in patients in whom the disturbance 
of rhythm is of short duration. These patients, on close analysis, appear to have 
presented the optimal conditions for antifibrillation therapy which has been 
referred to. When Wenckebach first employed quinidine for the treatment of 
auricular fibrillation he reported that the most refractory cases were those of long 
duration.2* The findings reported here on both atabrine and quinidine are con- 
sistent with this point of view. 

It is noteworthy that the maximal effect of atabrine on auricular fibrillation 
occurred concomitantly with the maximal blood level of atabrine. Following 
the intramuscular injection of 0.4 Gm. of atabrine, the maximal blood level of 
80 to 220 gamma per liter is attained between fifty-five and eighty-five minutes.” 
Within three hours the level will decline to approximately 60 to 150 gamma per 
liter. Therefore, the maximal effect of atabrine on auricular fibrillation should 
occur, on a purely theoretical basis, within one hour and certainly within three 
hours. 

It is reasonable to assume that atabrine is responsible for the correction 
of the arrhythmias which have been discussed, since the majority of the arrhyth- 
mias reverted to regular sinus rhythm within eighty minutes of the injection of 
atabrine, and in all but two cases, within two and one-half hours of the injection. 


SUMMARY AND CONCLUSIONS 


1. The physiologic and pharmacologic properties of atabrine and quinidine 
are discussed and are shown to parallel each other closely. 

2. Twenty-six patients with auricular fibrillation were treated with atabrine 
with successful results in thirteen of twenty-seven trials. Included in the four- 
teen patients in whom atabrine was unsuccessful were five patients with thyro- 
toxic heart disease and one patient with fatal pheochromocytoma with rheumatic 
heart disease. Quinidine, administered before atabrine was used, was ineffective 
in sixteen trials. In those patients in whom atabrine failed to restore a normal 
rhythm digitalis and/or quinidine was of no avail in all but one instance. 
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3. Six patients with cardiac arrhythmias other than auricular fibrillation 
were treated with atabrine; included were two cases each of nodal tachycardia, 
auricular flutter, and ventricular tachycardia. Atabrine was successful in three 
of these six cases; two of the unsuccessfully treated patients died shortly after 
treatment, and autopsy revealed coronary occlusion. 

4. The best results with atabrine therapy occurred in older patients with 
arteriosclerotic cardiovascular disease and in younger patients in whom the 
arrhythmia was of less than forty-eight hours’ duration. 


5. The time at which the arrhythmias disappeared after atabrine therapy 
approximated the time at which the maximal blood levels were reached following 
intramuscular injections of atabrine. 

6. The number of patients in whom cardiac arrhythmias were successfully 
treated with atabrine is too small to permit the use of Pearsonian techniques 
but large enough to merit further observation and trial of this drug. 
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THE DIFFERENT TYPES OF INTRAVENTRICULAR BLOCK 


M. Secers, M.D. 
BRUSSELS, BELGIUM 


RECISE interpretation and classification of the various forms of intraven- 

tricular block are still not feasible because a number of facts remain unex- 
plained. For example, a delay in the appearance of the carotid pulse is not 
present in all cases of intraventricular block of the left type. Furthermore, the 
difference between intraventricular block of the S type and the uncommon type 
is not clearly understood. 

The present work is an attempt to solve some of these problems. The delay 
in intraventricular conduction has been studied in a series of patients by measure- 
ment of the time of appearance of the intrinsic deflection in multiple precordial 
leads. In order to obtain an accurate localization of the delay in ventricular 
invasion, cases were selected in which ventricular complexes showing intra- 
ventricular block alternated with complexes of normal duration. In all cases 
the three standard limb leads and one precordial lead were recorded simulta- 
neously. The other precordial leads were recorded on a separate tracing. 


RESULTS 


In the electrocardiograms of Fig. 1 a sinus beat is followed by an auricular 
premature systole which has a prolonged QRS complex, showing in Lead | the 
broad, deep S wave characteristic of intraventricular block of the uncommon 
type. On the left side of the precordium (Lead CR;), the time of appearance of 
the intrinsic ventricular deflection is exactly the same in the sinus beat and in 
the premature systole (0.04 second). However, in leads taken from a wide 
area over the right precordium (V5r, Ve, and V,), the intrinsic deflection appears 
0.07 second later in the abnormal than in the normal complex. The premature 
systole shows, therefore, the typical characteristics of right bundle branch block. 

In the electrocardiograms of Fig. 2,B a sinus beat is followed by an auricular 
premature systole which has a prolonged QRS complex showing in Lead I the 
broad, shallow S wave characteristic of intraventricular block of the S type. 
In Lead CRe, the appearance of the intrinsic deflection in the premature beat is 
markedly delayed (0.08 second). In Lead Vor, the intrinsic deflection occurs 
after the same interval in both the normal and prolonged QRS complexes (0.02 
second). The prolonged QRS complex in Lead V,, shows two intrinsic deflections, 
the first of which appears at exactly the same time as the intrinsic deflection of 
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the normal ORS complex (0.02 second), and the second of which appears at the 
same time as the intrinsic deflection of the prolonged QRS complex recorded in 
CR. (0.08 second). Leads taken from several other precordial positions (not 
shown here) demonstrate that in the prolonged QRS complexes of the premature 
systoles, the delay in the appearance of the intrinsic deflection is limited to a 
relatively small area surrounding precordial Position 2. Leads taken from a 
somewhat larger zone beyond the confines of the area mentioned and including 
Lead V, show prolonged QRS complexes with two intrinsic deflections as de- 


Fig. 1.—Left: Simultaneous records of Leads I, LI, III, and CR;. Right: Simultaneous records 
of Leads V5r, V2, and Vg of the same patient. Both records show a sinus beat followed by an auricular 
premature systole. The sinus beat shows a normal ventricular complex; the premature systole shows 
a QRS of 0.12 second corresponding to an intraventricular block of the uncommon type. In Leads 
Vir, Ve, and Vg the intrinsic deflection appears 0.07 second later in the abnormal than in the normal 


complex (complete right bundle branch block). 
In all Figs, the interval between the vertical lines equals 0.02 second. 


scribed. Leads taken from the remainder of the right precordium, including 
Lead V 3p, as well as leads from the left precordium, do not show any delay in the 
appearance of the intrinsic deflection. Therefore, in the S type of intraventricular 
block, the precordial area showing the delay in intrinsic deflection is much smaller 
than in intraventricular block of the uncommon type. This difference does not 
depend upon a positional or anatomic peculiarity because in a patient presenting 
various degrees of the S type of block, the precordial area showing the delayed 
intrinsic deflection becomes larger when the S wave becomes broader or deeper. 
The conclusion drawn is that in the S type of block, the activation of only a part 
of the right ventricle is delayed. This type may be called focal right block, the 
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delay in ventricular invasion occurring somewhere in the peripheral arborizations 
of the bundle branch. In different patients with intraventricular block of the 
S type, the small precordial area showing the delay in intrinsic deflection has not 
always the same location. It may be concluded that the focal block does not 
always occur in the same arborizations of Purkinje’s network. 


a1; 
rik 


B. 


Fig. 2..—A, Simultaneous records of Leads I, II, II], and CR» and simultaneous records of Leads 
Ve and V3, of the same patient. Both records show a sinus beat followed by an auricular premature 
beat. The sinus beat shows a normal ventricular complex; the premature systole shows a minor change 
in contour of QRS associated with a slight delay of the intrinsic deflection restricted to Lead CRe (focal 
right block of minor degree). 

B, Records similar to A, but the alteration of QRS in the premature beat is more marked (intra- 
ventricular block of the S type) and is associated with an important delay of the intrinsic deflection re- 
stricted to Lead CRz (focal right block of major degree). 


A, 
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The electrocardiograms in Fig. 2,A illustrate the same phenomenon as those 
in Fig. 2,B, but to a less marked degree. The QRS complex of the premature 
systole shows only slight broadening of the S wave and the duration of QRS 
does not exceed 0.10 second. The delay in appearance of the intrinsic deflection 
is smaller than in Fig. 2,B, but here, too, it is limited to Lead CR». This type 
of intraventricular block may thus be considered as a minor degree of focal right 
block. 

A similar differentiation between bundle branch and focal block can be 
demonstrated for conduction delays in the left ventricle. In the common type 
of intraventricular block in which the summit of the R wave in Lead I consists 
of a plateau (as in the third set of complexes in Fig. 4), the delay in the intrinsic 
deflection is found in leads taken from a wide area over the left precordium, in- 
cluding posterior as well as anterior portions of the thorax (Positions 5 to 8). 
Such electrocardiograms correspond to left bundle branch block. 


A. 


Fig. 3.—A, Simultaneous records of Leads I, II, III and simultaneous records of Leads Vs and V5 
of the same patient. Both records show a sinus beat followed by an auricular premature systole. The 
sinus beat shows a normal ventricular complex; the premature systole shows a minor change in the 
contour of QRS associated with a slight delay of the intrinsic deflection restricted to Lead Vs (focal 
left block of minor degree). 

B. Similar records on another patient, but the alterations of QRS in the premature beat are more 
marked and correspond to a greater delay of the intrinsic deflection restricted to Lead CRs (focal left 
block of major degree). 
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Focal left block is illustrated in Fig. 3. In Fig. 3,B, the electrocardiograms 
show a sinus beat followed by an auricular premature systole with a prolonged 
ORS complex. The latter, in Lead I, has a peaked R wave, the widening of QRS 
being due to the notching and slow descent of the lower part of the RS deflection. 
In Lead CR, the intrinsic deflection occurs at the same time (0.04 second) in 
both the normal and abnormal ventricular complexes. In Lead CRs, however, 
the intrinsic deflection is definitely delayed (0.08 second) in the prolonged QRS 
complex. Since the precordial area reflecting the block is small, this type of 
intraventricular block may be called focal left block. 

The electrocardiograms in Fig. 3,A also show focal left block but to a less 
marked degree. The deformity of the ventricular curve of the auricular pre- 
mature systole is slight and is characterized in Lead I by a notching of the 
descending limb of the R wave; moreover, the duration of QRS does not exceed 
0.10 second. Here again, the delay in appearance of the intrinsic deflection is 
limited to Lead Vs, but the magnitude of the delay is less than in the example 
cited in Fig. 3,B. This type of intraventricular block may thus be considered 
as a minor degree of focal left block. 


Fig. 4.—Simultaneous records of Leads I, II, I[1, and CR;. The first complex is normal; the second 
shows a slight delay of the intrinsic deflection in Lead CR; (incomplete left bundle branch block); the 
third shows a greater delay of the intrinsic deflection in Lead CR; (complete left bundle branch block). 


In the electrocardiograms reproduced in Fig. 4, the first set of complexes is 
normal and the third set demonstrates left bundle branch block. The second 
group of complexes shows only a slight prolongation of QRS (0.10 second). 
There are no Q and no S waves in Leads I and II, but there is a slow ascent of 
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the initial part of the upstroke of the R wave. In Lead CR; the intrinsic deflec- 
tion is only slightly delayed (0.6 second); multiple precordial leads not repro- 
duced here show that the same slight delay in the intrinsic deflection is found in 
a wide area over the left precordium (Positions 5 to 8). This type of intraventricu- 
lar block may thus be called incomplete left bundle branch block. 


DISCUSSION 


The results reported here have been confirmed by the study of many cases 
of intraventricular block and “they may be summarized by the diagrammatic 
representation given in Fig. 5 and by Table I. The existence of focal intra- 
ventricular block was first demonstrated by Weinberg and Katz! in electrocardio- 


Fig. 5.—Diagrammatic representation of the different types of intraventricular block as recorded 
in Lead I. 

Focal right block of minor degree: 8; slightly deeper and broader than normal. 

Focal right block of major degree: intraventricular block of the S type. 

Incomplete right bundle branch block: not observed. 

Complete right bundle branch block: intraventricular block of the uncommon type. 

Focal left block of minor degree: notching and slight broadening of the downstroke of R). 

Focal left block of major degree: intraventricular block of the common type with a peaked R; 
and a marked broadening of the downstroke of R;; Q; may be present, but not 8S). 

Incomplete left bundle branch block: slow ascent of the base of the upstroke or R;: no Q; and 


no Si. 
Complete left bundle branch block: intraventricular block of the common type with a plateau at 


the summit of R;: no Q; and no §;. 


grams which showed an M-shaped, prolonged QRS complex in Lead CF, without 
prolongation of QRS in the limb leads. This type of intraventricular block 
should be considered as a minor grade of focal right block. Our work shows that 
the S type of block is also focal, but since the QRS duration exceeds 0.12 second 
it should be called a major grade of focal block. The focal nature of intraven- 
tricular block of the S type was also demonstrated by Vastesaeger,’ who showed 
that in this type of block abnormal notchings of QRS appear only in the last 
part of the vectocardiographic loop. We arrived at a similar conclusion by 
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showing that in a case of intermittent block of the S type the initial part of the 
QRS in the limb leads has exactly the same appearance in the normal and 
prolonged complexes.? This fact was confirmed by Wolferth and Livezey.® 


TABLE [. FiInpiInGs WuHIcH DIFFERENTIATE BUNDLE BRANCH BLOCK AND FocaL BLocK 


BUNDLE BRANCH BLOCK FOCAL BLOCK 


COMPLETE INCOMPLETE MAJOR MINOR 


QRS duration in limb leads 0.12 sec. Less than 0.12 sec. Less than 
or more 0.12 sec. or more 0.12 sec. 


Extent of precordial area with delayed large large small small 


intrinsic deflection 
Amount of this delay above the 0.05 sec. Less than 0.05 sec. Less than 
normal value or more 0.05 sec. | ormore | 0.05 sec. 


We have seen that M-shaped precordial QRS complexes occur in cases of 
focal block. They are located on the same side of the precordium as the block, 
in a zone surrounding the area in which the intrinsic deflection is delayed. Inas- 
much as the first downward deflection of this M-shaped complex appears at the 
same time as in the normal QRS complex, it corresponds to a normal intrinsic defiec- 
tion. The second downward deflection appears at the same time as the intrinsic 
deflection in the zone of delay and it may thus be considered as a remote effect 
of the focal block. 

Occasionally one observes a combination of two types of intraventricular 
block in the same patient, for instance, a left bundle branch block with a focal 
right block. Such electrocardiograms are atypical and many precordial leads 
are necessary to determine the exact nature and location of the intraventricular 


conduction defects. 
SUMMARY 


1. The magnitude and location of delays in appearance of the intrinsic 
deflection in multiple precordial leads have been used to differentiate various 
types of intraventricular block. 

2. In complete bundle branch block the intrinsic deflection of the involved 
ventricle arrives 0.05 second or more later than in the case of normal invasion. 
This delay occurs in all the leads from one side of the precordium. In incomplete 
bundle branch block the same facts are observed, but the delay is less than 0.05 
second. 

3. In other types of intraventricular block the delay of the intrinsic deflec- 
tion occurs only over a small area of the precordium, and the conclusion is drawn 
that the activation of only a part of the ventricle is delayed. Such types of intra- 
ventricular block may be called focal block. They are of major degree when the 
duration of QRS in the limb leads is 0.12 second or more and of minor degre¢ 
if QRS is of lesser duration. 
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4. In general, intraventricular block of the S type corresponds to focal 
right block, whereas the uncommon type corresponds to right bundle branch 
block. 

5. In general, the common type of intraventricular block corresponds to 
left bundle branch block when the summit of R; shows a plateau and corre- 
sponds to focal left block when the summit of R, is peaked, with a broad notch 
on the descending limb of the R wave. 
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TRANSMISSION OF MURMURS 


WiLiiAM J. Kerr, M.D., AND VERNON C. Harp, JR., M.D. 
SAN FRANCISCO, CALIF. 


NOWLEDGE of the speed and direction of the transmission of murmurs 
aids in correctly establishing their time and site of origin. An under- 
standing of the mechanisms involved will add to the information obtainable 
merely by the application of the stethoscope to the thorax. The physiology of 


the transmission of murmurs needs clarification. 

Murmurs are produced by faults in the streamlining of vessels. Narrowed 
orifices and irregular endothelial surfaces are set into vibration. For example, 
murmurs occur when mitral stenosis obstructs ventricular filling and when mitral 
insufficiency allows systolic leakage. Similarly, the aortic wall and ventricular 
muscle are set into vibration when aortic stenosis or insufficiency is present. 
The walls of the great vessels are primarily affected when patent ductus arteriosus 
or coarctation is present. 

Murmurs are transmitted in the tissues in which they originate: the myo- 
cardium, vessels, and the blood. The propagation of sound vibrations is greatest 
in the direction of blood flow; retrograde propagation in these tissues is less 
pronounced but definite. The blood itself may transmit murmurs as fluid waves 
which may travel as part of the pulse wave, or as similar but separate waves. 
These vibrations do not, of course, travel with the speed of sound through an 
inert medium as they do through bone; and they do not travel with the velocity 
of the blood itself. The velocity of the blood in the arteries is ten to fifteen times 
slower than the pulse wave, and, therefore, is of no consequence in this con- 
sideration. 

Murmurs are also transmitted through the tissues adjacent to the structures 
in which they originate. The vibrations composing the murmurs travel in all 
directions, with an intensity proportional to the intensity at the source and pro- 
portional to the ability of the tissues to transmit sound. Bone is suited to the 
transmission of sound because of its rigid and continuous structure and would 
be expected to transmit sounds and murmurs significantly. 

Regardless of which factor is the most important in the propagation of mur- 
murs, the intensity at a distance is dependent upon the following: (1) Intensity 
at the source. This, in turn, is dependent upon the size of the orifice and the 
speed of the blood flowing through it. A small orifice through which high- 
velocity arterial blood flows will produce a loud murmur. (2) The distance of 
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the stethoscope bell from the source. (3) The amount and character of inter- 
vening tissue between the source of the murmur and the stethoscope bell. Inter- 
vening tissue of poor sound-conducting character, such as loculated air of the 
lung, will decrease the intensity of a murmur as heard through the chest wall. 
Inspiration decreases the intensity of murmurs of all types. 

It is our impression that the tissues most important in the propagation of 
murmurs are those tissues in which the murmurs originate—the myocardium, 
the vessels, and the blood itself—and that the speed of propagation is that of the 
pulse wave. 

EXPERIMENTAL OBSERVATIONS 

Sound tracings were taken over the precordium and over the arteries at 

various distances from the heart (Figs. 1, 2, and 3). To establish the timing of 


Fig. 1.—Patient G. T. Simultaneous phonocardiograms and electrocardiograms with jugular pulse 


tracing on a 62-year-old man with mitral and aortic insufficiency and stenosis. The time of sound 
transmission along the peripheral arteries is indicated. 
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the sounds and murmurs over the peripheral arteries, simultaneous electro- 
cardiograms and tracings either of the apex beat or of the jugular venous pulse 
were taken with all records. The times required for sound to travel from the 
precordium (aortic area) to the carotid, the brachial, and to two points on the 
femoral arteries (at the inguinal ligament and a point just above the knee) were 


A Brachial Art. 
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Fig. 2.—Patient W. G. Simultaneous phonocardiograms and electrocardiograms with jugular pulse 
tracing on a 54-year-old man with anemia and aortic stenosis and insufficiency. 
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measured. The peak of the R wave of the electrocardiogram was used as a point 
of reference from which the first important sound record deflections were meas- 
ured. These data are given in Table I. A correction was made by subtraction of 
the time interval from the peak of the R wave to the beginning of the first sound, 
as recorded over the precordium, from those intervals in records taken at the 
periphery. The approximate distances from the heart of these points on the 


‘ 


Fig. 3.— Patient F. D. Simultaneous phonocardiograms and electrocardiograms with apex beat tracing 
on a 43-year old man with aortic stenosis and insufficiency. 
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peripheral arteries were measured. From these figures the velocity of the sound 
propagation along the peripheral arteries was calculated as illustrated in Table II 
and summarized in Table III. 


TaBLe I. Time or SouND IN SECONDS AFTER THE R PEAK 


PROXIMAL DISTAL 
PATIENT PRECORDIUM CAROTID BRACHIAL FEMORAL FEMORAL 


0.04 0.06 
.03 07 
08 
O08 
03 


Average 0.03 0.07 
TABLE II. Patient W.G.: VeELocity or SOUND PROPAGATION TO PERIPHERAL ARTERIES 


PROXIMAL DISTAL 
PERIPHERAL ARTERY CAROTID BRACHIAI FEMORAL FEMORAL 


Time required (sec.) 0.04 0.09 0.13 


Distance (cm.) 3. 80 


Velocity (meters/sec.) 6.1 


Tasie IIL. Vetocrry or SouND PROPAGATION TO PERIPHERAL ARTERIES IN METERS PER SECOND 


PATIENT CAROTID BRACHIAL PROXIMAL FEMORAL |! DISTAL FEMORAL 


Average 


DISCUSSION 

The pulse wave velocity in the arteries arising from the aortic arch is less 
than that in the abdominal and femoral arteries. This is readily explained by 
recent work relating pulse wave velocity to the distensibility of the arteries.'-° 
Pulse wave velocity increases as the arterial distensibility decreases. Arterial 
distensibility is small in the presence of high diastolic pressure and marked 
arteriosclerosis. The cushioning effect of aortic elasticity (and consequent 
relatively slow pulse wave transmission) is greater in the aortic arch and its 
branches than in the abdominal aorta of dogs.’-> This effect is prominent in 
aged patients in whom atherosclerosis with inelasticity is marked in the ab- 
dominal aorta and iliac arteries. 


G. 0.12 0.14 

W. G. 12 15 0.16 

F. D. 14 16 0.20 

W. H. 14 

14 0.20 

W. G. 3.3 4.7 6.1 

F. D. 2.4 3.7 4.5 

W. H. 5.0 3.8 

3.6 1.9 a3 
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The velocity of the pulse wave is given as 5.0 to 8.0 meters per second. The 
velocity of sound propagation as, calculated from these records, is of the same 
order of magnitude as the velocity of the pulse wave. These data strongly sug- 
gest that the murmurs are transmitted with the pulse wave. 

The sounds and murmurs transmitted to the periphery along bone, and 
recorded at the olecranon by other observers,’ are transmitted with the speed of 
sound. Study of these published records shows no delay of the sound when 
recorded at the periphery as compared with that from the precordium. The 
speed of sound in bone is such that the time required for bone transmission through 
the body would be negligible. For comparison, the speed of sound in air is 1,100 
feet per second, in water 4,700, in wood (approximately that of bone) 13,000, 
and in steel 16,500 feet per second. 

The speed of transmission of sound to the peripheral arteries, as determined 
from these records, averages 4.5 meters or 14.8 feet per second. The propagation 
of sound along the arterial pulse wave is relatively slow in comparison with the 
speed of sound, per se, in the media mentioned. It is this slow propagation which 
allows the clinician to time and trace heart sounds and murmurs. The usefulness 
of the symballophone,’ a stethoscope with two chest pieces devised for the com- 
parison of the intensity, quality, and timing of sounds, is in part based upon this 
relatively slow propagation of sounds. 

The amplitude of the sounds and murmurs recorded over the olecranon is 
small as compared with our records taken over the arteries. The sounds which 
are transmitted through bone are of negligible importance as compared with 
those propagated through the arteries. 


SUMMARY AND CONCLUSIONS 

The propagation of heart murmurs through the tissues of the body is dis- 
cussed. Murmurs are transmitted in all directions from their points of origin 
through the adjacent tissues with a velocity dependent upon the sound-conduct- 
ing properties of each tissue. The sounds thus diffusely transmitted are of low 
or negligible intensity. 

Heart sounds and murmurs are propagated with significant intensity through 
the structures in which they arise: the myocardium, arterial walls, and the blood 
stream. They are progagated through the peripheral arteries with the velocity 
of the arterial pulse wave. 
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LOCALIZED VASCULAR DILATATIONS OF THE HUMAN SKIN: 
CAPILLARY MICROSCOPY AND RELATED STUDIES 


WALTER ReEpbiscu, M.D., AND H. PELZER, M.D. 
New YorK, N. Y. 


UMEROUS observations have been recorded of localized dilatations of 
vascular channels of varying configurations, sizes, and colors in the human 
skin. The specific portion of the vascular tree represented by these structures 
remains obscure. Suggestions of embryologic malformation, dilatation of 


existing vessels, and new growth of vessels have been made. Vascular dilata- 
tions have been noted at birth (congenital type of vascular nevus), while others 
have been observed to develop in both the skin and mucous membranes in sub- 
jects at varying ages. Evaluation of previous investigations of cutaneous 
vascular lesions has been difficult because of the confusion in terminology em- 
ployed. Numerous synonymous expressions have been suggested for the same 
type of telangiectatic phenomenon. For example, not fewer than ten different 


terms are used in the literature for a “spider telangiectasis.’"’ Even more un- 
fortunate is the fact that in many instances inadequate differentiation has been 
made between the hereditary “livoid telangiectasis”’ or ‘“‘hereditary telangiectasis” 
described originally by Rendu! and Osler,? the congenital ‘‘nevus flammeus,”’ 
and the telangiectases of minute superficial blood vessels developing during life. 
This paper will deal solely with the type last mentioned. 

Our study of the various types of cutaneous vascular ectasias which develop 
during life suggested that a more precise terminology was needed than had 
been available. Four common clinical types of vascular dilatation in the skin 
and mucous membranes were observed and the main points of differences are 
described : 

1. Simple telangiectasis: a single portion of a vessel, either red or blue in 
color, not raised above the skin surface, and varying in length and diameter 
(Fig. 1).* 

2. Arborizing telangiectasis: similar to the simple type, but showing some 
branch formations (Fig. 2). 

3. Spider telangiectasis: similar to the arborizing type, but with the branch- 
ing formation completed through 360°, and showing a central raised portion 


(Fig. 3). 


Third (New York University) Medical Division, Goldwater Memorial Hospital, Welfare Island. 
New York. 

Received for publication Nov. 29, 1947. 

*India ink line drawings are presented because of the cost of reproducing Kodachrome slides. The 
original photographs of the types of telangiectasia and the changes with histamine and epinephrine may 
be seen on request to the senior author. 
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4. Papular telangiectasis: small, red, papular stigmata, elevated above the 
skin surface and varying in diameter between pinpoint size to about 1.0 cm. 


(Fig. 4). 


Fig. 1. Fig. 2. 


Fig. 1.—Schematic representation of simple telangiectasis. 
Fig. 2.—Schematic representation of arborizing telangiectasis 


Fig. 3. Fig. 4. 
Fig. 3.—Schematic representation of an idealized spider telangiectasis, showing normal capillary 
flare area between radiating vessels. 
Fig. 4.—Schematic representation of papular telangiectasis. 


METHOD 


All patients studied were selected from the Third (New York University) 
Medical Division, Goldwater Memorial Hospital, except for two patients seen in 
an Army hospital. The vascular dilatations found were subjected to study by a 
number of methods. Inspection and photography, together with capillary micro- 
scopy and capillary photography, were utilized to observe the effects of pressure 
applied by a glass slide, test tube, or blood pressure cuff, and the effects of posture 
through change in position of a limb. To ascertain the increase and decrease in 
vascular dilatation and change in color with drugs, epinephrine and histamine 
were injected near or into the vascular lesion, with the manifestations being 
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photographed in some instances. Pathologic sections of biopsy specimens were 
taken and studied.* Finally, spider telangiectases were observed after death 
in three instances. 

FINDINGS 

1. Simple telangiectases were common in the older age group of this study 
and were found especially on the nose and upper cheeks, and less frequently on 
the upper chest. Repeated careful palpation indicated the absence of any pul- 
sation in this type. Pressure on either end of the telangiectatic vessel resulted 
in blanching of the vessel. Direct capillary microscopy showed no observable 
active blood flow. 

There was no constrictive response to 1.0 c.c. of 1:1,000 epinephrine injected 
locally 1.0 cm. from the dilated vessel, despite a rapid skin blanching surrounding 
the vessel. 

Biopsy sections revealed dilated blood channels in an unchanged dermal 
layer, with a single endothelial lining, no muscularis, and no adventitia. 


dilection of locality as the simple form. The effects of pressure, the reaction to 
epinephrine, and the biopsy findings were essentially the same as in the simple 


2. Arborizing telangiectases were likewise common and had the same pre- 


telangiectases. 

3. Spider telangiectases were comparatively rare, tending to occur chiefly 
on the upper limbs and at the sites of simple and arborizing telangiectases. Well- 
developed spider telangiectases were noted on the arms of two normal, healthy, 
nonpregnant women, 25 and 28 years of age, respectively, with no evidence of 
other involvement. They were also observed in two men with no demonstrable 
liver disease or metabolic disorder (observed in an Army hospital by W. R.). 
One of them had congenital heart disease (ventricular septal defect) and pre- 
sented two fully developed spiders which were symmetrically located high up 
on each cheek near the labial folds. Both exhibited a palpable pulsation. The 
other patient had entered the hospital because of an upper respiratory infection. 
He had a typical spider on the dorsal aspect of his right wrist. No pulsation 
could be observed in this case. Most spiders were observed in patients who had 
cirrhosis of the liver. 

In a fully developed spider, three types of vascular structure may be ob- 
served microscopically, although in most instances they can be differentiated 
even on macroscopic observation: (1) the center (frequently called the “‘boss’’), 
(2) the radiating vessels (the ‘“‘legs’’ of the spider), and (3) the ‘‘capillary flare”’ 
between the radiating vessels. The color of the last mentioned part is strikingly 
bright pink in contrast to the much darker center (the ‘‘body”’ of the spider) and 
the radiating vessels. This capillary flare consists of dilated minute blood chan- 
nels in which active blood flow may be readily observed through the microscope. 

Palpation revealed the presence of a pulsation in the center of the spider 
in but a minority of instances. Such spiders were usually in relation to known 
underlying arteries. 


*Appreciation is expressed to Dr. Julius Rosenthal, Pathologist to the Goldwater Memorial Hospital 
who was kind enough to examine and describe the sections. 
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Direct pressure on the central “‘boss’’ caused rapid blanching of the vessels 
radiating from the center and, on release of the pressure, the return flow was 
from the center to the periphery. If pressure was exerted by applying the open 
end of a test tube to the skin surrounding the spider, the vessels were not dilated 
but there was decreased contrast in color, resulting from suffusion in the regions 
between the radiating vessels. If pressure was applied by a glass slide to over 
one-half of the spider, including the raised central area, there was no change 
in the diameter and no blanching of those radiating vessels over which pressure 
was not being applied. Blanching of the radiating vessels could be effected by 
lateral tension on the skin without affecting the morphology of the central point. 
In one instance, when the skin was stretched to blanch most of the spider, a 
definite pulsation could be observed in the remaining vessels. These observations 
suggest that the radiating vessels are passive blood channels supplied by a central 
arterial vessel. 

In the presence of spider telangiectases on the lower arm, a sphygmomano- 
meter was applied to the upper arm and observations were made with changes 
in pressure and position of the arm. With the arm raised above the level of the 
heart and the pressure in the cuff increased above the individual’s systolic level, 
the spider could always be stroked dry. It then filled slowly with the arm either 
raised or lowered, even though the blood supply to the arm was still cut off. 
If the pressure in the cuff was decreased rapidly, there was a sudden increased 
redness of the spider area, a diffuse pinkness of the arm, and a filling of the super- 
ficial veins. Because of the diffuse redness it was impossible to distinguish what 


specific part or parts of the spider participated in the dilatation. If, however, 
the pressure was decreased slowly, it became evident that there was reactive 
hyperemia of the capillary flare area, but no dilatation of the radiating vessels. 
The impression that the radiating vessels are passive channels with no observable 
vasomotor response is borne out by these findings. In contrast, the capillaries 
of the flare area show evidence of active response. 


The responses to certain drugs and post-mortem observations were in full 
keeping with the findings which have been stated. 

The effects of epinephrine and histamine on spiders were studied. Injection 
of 1.0 c.c. of 1:1,000 epinephrine into the center of the spider led to complete 
blanching of the capillary flare, while the center and the radiating vessels were 
not affected. Similar results were obtained by injection of the epinephrine 0.5 
cm. or 1.0 cm. outside the spider, when the skin blanching reaction would reach 
the spider area and engulf it (Fig. 5). Injection of 1.0 c.c. of 1:2,000 histamine 
into the center led to an increased capillary flare, while the center and the radi- 
ating vessels were not affected (Fig. 6). 

The spiders in three cases of cirrhosis of the liver have been observed for 
as long as eighteen hours after death. In these instances the spiders did not dis- 
appear except for the capillary flare. The center and the radiating vessels re- 
mained clearly visible, but their color changed from dark red to blue. 

The following is the report on one of the biopsied spider telangiectases, 
which is representative of this group: 
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Fig. 5. 
Fig. 5.-Schematic representation of spider telangiectasis following epinephrine injection, indicating 
blanching of capillary flare area bet ween radiating vessels. 


Fig. 6.—-Schematic representation of spider telangiectasis following histamine injection, indicating 
suffusion of capillary flare area bet ween radiating vessels. 


A. S. (C-12, No. 164), March 3, 1942. Microscopic description: The epidermis shows slight 
increase of keratin in areas. The remainder of the epidermis shows no marked abnormality except 
for the occasional flattening of the rete cones. The corium contains numerous sebaceous glands. 
Above one of these, a group of open spaces is found. These are lined by a layer of endothelium 
and also have connective tissue but no muscle elements in their walls. The spaces extend for a 
comparatively long distance, but their depth is cnly slight. The diameter varies from 30 to 300 
microns. Scme increase of fibresis can be found around some of these spaces. A well-formed, 
medium-sized blood vessel is seen to arise below one of the sebaceous glands, to curl itself about 
it, and proceed into the area of dilated spaces. In this case the larger blood vessel mentioned 
apparently is the origin of the dilated blocd channels. These channels are empty, but occa- 
sionally a few red cells are seen in them. An occasional increase of connective tissue, as well as 
a collection of a few round cells, is seen in the corium just below the epidermis. 


Diagnosis: ‘‘Telangiectasia” (Fig. 7). 


4. Papular telangiectases were quite frequent and were most common on 
the trunk. They differ markedly in gross morphology from the three types 
discussed thus far. They are round, elevated, sharply circumscribed, dark red 
lesions, from pinpoint size to about 1.0 cm. in diameter. Under the capillary 
microscope, the individual lesion appears to be an accumulation of tortuous 
capillary loops with multiple and curly crossings, giving the loop an almost 
grapelike appearance; the loops are filled with blood but without visible blood 
flow. Occasionally, free blood may be seen between the vessels. 


DISCUSSION 


Previous investigations of telangiectasias have indicated which portions of 
the vascular tree are supposedly involved. There is agreement that the lesions 
involve the minute blood vessels. Some believe the spider to be essentially 
dilatation on the venous side,** while others hold that it arises from the arterial 
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side*-*.7 or from dilated capillaries. It has been suggested that pulsation when 
present may be merely transmitted." 

In the few available investigations concerned with the basic nature of 
cutaneous vascular dilatations, almost exclusive attention has been paid to the 
“spider” type. Bean* has found the ‘‘cutaneous arterial spider’’ to be supplied 
by a small, coiled end artery in the subcutaneous tissue, and believes their 


Fig. 7.—Photomicrograph of spider telangiectasis. Note open spaces lined with endo- 
thelium, which are dilated blood channels. 


development may be associated with abnormal metabolism of the 17-ketosteroid 
hormones in liver disease, pregnancy, and deficiency states. However, he has 
recorded the occurrence of spiders in individuals in whom none of the afore- 
mentioned states was demonstrable.‘ Walsh and Becker® found, on biopsy of a 
spider, that the lesion seemed to consist of a small arteriovenous anastomosis. 
Patek and associates,’ in their studies of the “vascular spider,’’ reached the con- 
clusion that it had the physiologic and histologic characteristics of an artery. 
Evaluation of the evidence presented in this paper seems to support strongly 
the assumption that the basic structures of the simple, the arborizing, and the 
spider types of telangiectases are venous or capillary in origin (Types 1, 2, and 3). 
Lack of blood flow when the vessels are viewed by capillary microscopy, the type 
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of response to pressure as well as to local drug injection, the post-mortem findings, 
and the biopsy material all suggest their similarity to a venous structure. These 
structures, in the fully developed spider (Type 3), are in demonstrable connection 
with a supplying vessel of arteriolar character, the pulsation of which may be 
transmitted into the spider in about one-third of the cases. When there is such 
close proximity of a small artery, ‘‘spurting’’ from the center of the spider may be 
observed upon trauma, on rare occasions. Markedly dilated capillaries may also 
be considered, since similar effects might be elicited if such were the nature of 
the vascular dilatation. However, the response of the capillary flare (between 
the radiating spider vessels), as, for example, that observed grossly in drug 
reactions, suggests a venous origin of the spider vessels proper. 


It is widely accepted that the formation of spider telangiectasias is related 
to disease of the liver.*"! The evidence of such relationship is based on statistical 
studies. The finding of simple, arborizing, and spider telangiectasias in persons 
with no evidence of liver damage, and the fact that many patients with advanced 
liver disease do not show such vascular changes, indicate that the nature of the 
relationship is not yet established. The theory that the mechanism may be 
related to an impairment of estrogen inactivation by a diseased liver™ is of 
considerable interest. Since the original observation of capillary dilatation 
induced by ovarian extract,’ many reports'+' have substantiated the fact that 
ketosteroids have an influence on peripheral blood flow. Bean‘ has observed 
the development of spider telangiectases during pregnancy. We have also ob- 
served two women in whom spider telangiectasias appeared during pregnancy, 
disappeared after delivery, and reappeared in a second pregnancy. Conclusive 
evidence of a relationship between the metabolism of ketosteroids and telangi- 
ectasia could perhaps be arrived at through assay studies in persons with and 
without such manifestations. The possible relationship to embryologic or devel- 
opmental malformations'’" also offers a fruitful field for investigations. 

Evidence for the possibility of the development of a typical spider from the 
simple telangiectasis through an intermediate stage of the arborizing type is 
essentially on a morphologic basis. The fundamental similarity of the vascular 
channels in the three types of telangiectasia in reaction to pressure and drugs in 
capillary microscopy, and the similarity of biopsy sections, are strongly sug- 
gestive. Each of the three types may also be the result of an underlying specific 
embryologic or developmental vascular defect. 

The papular telangiectases (Type 4) are seemingly an entirely separate group. 
This study has indicated that they are of capillary nature. Their high incidence 
and recognized benign nature may be the reason for the lack of investigation as 
to their development and relationship to metabolic and other disorders. 


SUMMARY 


1. A classification of cutaneous vascular telangiectasias is presented, based 
on (a) observation and capillary photography, (b) the study of reactions to epine- 
phrine and histamine, (c) the study of biopsies, and (d) post-mortem observations. 
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2. It is concluded that the spider telangiectasias represent, basically, 


venous or possibly capillary structures, and that the possibility of development 
of typical ‘‘spider telangiectases’’ through an intermediate stage of the ‘‘arbor- 


izing’’ type should be considered. 


3. ‘‘Papular telangiectases” are of capillary nature. 
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Clinical Reports 


THE DIAGNOSIS OF DISSECTING ANEURYSM OF THE AORTA 
BY ANGIOCARDIOGRAPHY 


REPORT OF A CASE 


ABNER GOLDEN, M.D., AND H. STEPHEN WEENs, M.D. 
ATLANTA, GA. 


HE diagnosis of dissecting aneurysm of the aorta is being made with increas- 

ing accuracy.' This is largely due to a better understanding of its clinical 
manifestations, but may also be attributed to the proper utilization and interpre- 
tation of roentgenologic examination. 

Most authors agree that progressive widening of the aortic shadow, with 
diminished or absent aortic pulsation, is the most characteristic roentgenologic 
finding of dissecting aneurysm of the thoracic aorta.*** Other observations are 
the result of complications such as hemopericardium, hemomediastinum, or 
hemothorax. These roentgenologic signs, however, are by no means pathogno- 
monic. It may be impossible to differentiate a dissecting aneurysm encircling 
a large portion of the thoracic aorta from simple dilatation, or from cylindrical 
or saccular aneurysms.’ Also, mediastinal abscess or tumor may have a similar 
appearance.” For this reason, the diagnosis must be based on a careful corre- 
lation of clinical and roentgenologic observation. 

We have recently had the opportunity to study a patient in whom angio- 
cardiography was found to be a valuable aid in the establishment of a correct 
diagnosis of dissecting aneurysm of the thoracic aorta. This diagnosis was sub- 
sequently confirmed at operation. Since the angiocardiographic features of 
dissecting aneurysm have not been recorded in the literature, it was felt that this 
case merited brief description. 


CASE REPORT 


G. T., a 55-year-old white man, was admitted to the Emory University Hospital on April 13, 
1947, complaining of weakness and exertional dyspnea. Three weeks prior to admission, the 
patient was suddenly seized with severe substernal and epigastric pain as he stepped from an 
automobile. This severe pain persisted for forty-five minutes, and was only partially relieved 
by the administration of morphine. Following this episode, he complained of residual substernal 

From the Departments of Medicine and Roentgenology, Emory University Hospital and Emory 


University School of Medicine. 
Received for publication Nov. 5, 1947. 
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pain, progressive exertional dyspnea, weakness, and anorexia, and there was a loss of weight of 
approximately thirty pounds. 

The patient appeared weak and emaciated. The blood pressure in the right arm was 150/90; 
in the left arm it was 130/70. There was dullness to percussion over the right upper anterior chest, 
with diminution of breath sounds and occasional transient wheezes. The heart was not enlarged, 
the rhythm was regular, and there were no murmurs. There were no other significant physical 
findings. 

Urinalysis revealed occasional red blood cells in the sediment, but was otherwise normal. 
The red blood cell count was 3,210,000, and the blood hemoglobin concentration was 10.6 Gm. 
per cent. The white blood cell count was 9,400. An electrocardiogram was within normal limits. 


* shadow. 


Fig. 1.—Teleroentgenogram of chest. Diffuse widening and elongation of aortic 


~ 
é 
: Ris 
i 


116 AMERICAN HEART JOURNAL 


Roentgenologic Study.—A teleroentgenogram (Fig. 1) and fluoroscopy of the chest revealed 
the heart to be normal in size and position. The amplitude of the pulsations on both heart bor- 
ders appeared satisfactory. There was no intracardiac calcification observed. The entire aortic 
shadow appeared widened and elongated. The amplitude of pulsation of the aortic arch and 
descending aorta was somewhat diminished. The superior aspect of the arch showed a smooth, 


shallow elevation. There were no signs of pleural effusion. 


Fig. 2.—Angiocardiogram. The contrast medium outlines the aortic lumen. 
Note distention of the wall of the aorta along its greater curvature. 


Angiocardiography was performed April 23, 1947, with the patient in left anterior oblique 
position (Figs. 2 and 3). The pattern of the cardiac chambers was not remarkable. The ascend- 
ing aorta appeared moderately widened, but there were no abnormalities of its wall or contour 
recognized. Beginning at the level of the great vessels, a considerable widening of the wall along 
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the greater curvature was observed. This distention of the aortic wall extended downward 
throughout the descending aorta to the level of the diaphragm. In this region, the dilated aortic 
wall encroached markedly on the lumen of the vessel as outlined by the opacified blood column. 


Thickened. 
aortic wall 


Fig. 3.—Drawing of Fig. 2 demonstrating the angiocardiographic features of the dissecting aneurysm 


Not considering magnification factors, the aortic wall measured as much as 26 mm. in thickness. 
No opacification was noted within the wall. The outline of the opacified blood column within the 
lumen of the aorta appeared entirely smooth. 


Operative Findings.—A thoracotomy was performed May 14, 1947, by Dr. Osler A. Abbott.* 
Examination revealed a marked fusiform enlargement of the aorta arising 5.0 cm. above the 


*The surgical aspects of dissecting aneurysm are discussed in a paper by Dr. Osler A. Abbott.5 
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pericardial reflection and extending to within a few centimeters of the diaphragm. Throughout 


Pulsation was notably decreased in amplitude. The superior aspect of the aortic arch was 
markedly dilated. Here the wall was thin and bound by pleural adhesions, most dense at the 
origin of the great vessels. The portions of the aorta proximal and distal to the enlargement were 
normal on inspection and palpation, and showed active pulsation. The pleural adhesions were 
freed by blunt dissection, and Cellophane was sutured around 70 to 90 per cent of the aortic cir- 
cumference in all accessible areas. 

The patient withstood the operative procedure well, and was discharged May 30, 1947, 
claiming considerable alleviation of his symptoms. Five months later, he had gained ten pounds 
of weight and was doing well subjectively. 


COMMENT 


Angiocardiography in this case permitted accurate demonstration of the 
size and extent of the dissecting aneurysm. It appears unlikely that so smooth 
and continuous a constriction of the aortic lumen could be produced by extensive 
mural thrombosis. In view of the operative findings, it is justifiable to assume 
that the marked widening of the aortic wall actually represented the dissecting 
spaces of the aneurysm. This degree of distention is more than is usually seen 
at post-mortem examination, and may be explained by the elasticity of the thinned 
portion of the wall at the origin of the great vessels. Another point of interest 
was the almost tamponade-like constriction of the aortic lumen by the aneurysm 
near the diaphragm. 

Although angiocardiography is in most instances a safe procedure, the occa- 
sional reactions attendant upon the rapid injection of 70 per cent Diodrast* 
solution (fall in blood pressure, tachycardia, nausea, vomiting, and cough) 
warrant caution in its use in patients suspected of dissecting aneurysm. It should 
not, in all probability, be employed during the acute phase of the disease, but 
should be restricted to those in whom an accurate diagnosis is desirable as a 
preliminary to contemplated surgical intervention. 


SUMMARY 


A case of dissecting aneurysm of the thoracic aorta is presented. <A definitive 
diagnosis was made by angiocardiography and was later confirmed at operation. 
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most of this area, the vessel wall was firm to palpation and appeared considerably thickened. 
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THROMBOSIS OF ANOMALOUS CHORDAE IN THE 
RIGHT ATRIUM (CHIARI’S NETWORK) 


J. L. OrBison, M.D. 
CLEVELAND, OHIO 


N 1897 Chiari? described eleven cases in which he found a network of fibers 

in the right atrium of the heart. Since that time such anomalous chordae 
have commonly carried his name. These fibers are anomalous remnants of the 
right valve of the sinus venosus, a structure which usually regresses during the 
fourth fetal month to form only the valves at the orifices of the inferior vena cava 
and the coronary sinus. In 1936 Yater® found that only twenty-five examples 
of this structure had been reported since Chiari’s original paper, and to this 
group he added one of his own. Since this review, only two additional cases 
have appeared in the literature.*® 

Although the network is usually an incidental observation at autopsy, a 
few cases of clinical as well as pathologic interest have been described. Alvarez 
and Herrmann! ascribed a low ‘‘thonging’’ murmur along the right border of the 
sternum to a Chiari’s network. However, the patient also had a systolic and 
diastolic murmur at the base of the heart. Wilson® has supported the contention 
that Chiari’s network can give rise to a murmur, for he observed a case similar 
to that described by Alvarez and Herrmann, but without abnormalities of the 
heart other than a Chiari’s network. 

In his review, Yater® found nine reports in which thrombosis had occurred 
on Chiari’s network. In one instance, this thrombus was the origin of pulmonary 
emboli (Chiari,? Case 1). Conversely, two cases have been described in which 
the network ensnared emboli arising in veins of the legs, and so prevented them 
from passing to the lungs.** 

The case reported herewith resembles Chiari’s first case in that thrombosis 
on Chiari’s network was associated with pulmonary emboli. 


REPORT OF CASE 


G. L., a white man, 65 years of age, was admitted to Cleveland City Hospital with symptoms 
of cardiac failure. Three years before admission, he first noted increasing shortness of breath and 
swelling of the legs. This was relieved by rest, as were subsequent recurrences. Six months before 
admission, a more severe episode caused him to seek medical attention. He improved as a result 
of digitalis therapy, but discontinued the medication after three weeks. Although not com- 
pletely free of symptoms, he was fairly well until eight days before entry to the hospital, when 
edema of the legs and dyspnea again became severe. At no time had he had any pain in the 
precordium or chest. 


From the Departments of Pathology, Cleveland City Hospital, and Western Reserve University. 
Received for publication Oct. 24, 1947. 
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At the time of admission, the temperature was 38°C., the pulse 104 per minute, the respira- 
tory rate 32, and the blood pressure 165/106. He was markedly dyspneic and orthopneic; his 
lips and nail beds were cyanotic. Examination of the fundi showed Grade 2 arteriosclerotic 
changes and slight arteriovenous nicking. Although rales were heard throughout the lungs and 
were most prominent at the bases, the resonance was not impaired. Cardiac dullness extended 
to the left anterior axillary line, but was not detected to the right of the sternum. No murmurs 
were audible, and the cardiac rhythm was regular except for occasional premature contractions, 
The liver extended 4.0 cm. below the costal margin and was firm but not tender. Pitting edema 
was present over the back, legs, and buttocks. 

The hemogram showed 5,180,000 red blood cells, 15 grams of hemoglobin, and 13,700 white 
blood cells, of which 71 per cent were neutrophils. The urine contained no albumin or sugar and 
only an occasional white blood cell. 

After treatment with digitalis and mercupurin, the symptoms of cardiac failure were alle- 
viated, but a low-grade fever persisted. Upon administration of penicillin, the temperature 
dropped to normal in twenty-four hours. By the sixth hospital day he had lost twenty-five pounds 
in weight and was ambulatory. On the following day, the patient had a sudden, severe substernal 
pain that radiated to the left shoulder. He became dyspneic, the heart rate increased, and runs 
of premature contractions were frequent. Throughout this episode, the blood pressure remained 
at 150/100. He gradually improved, and by the tenth hospital day complained only of moderate 
pain over the left lower chest in the midaxillary line. At this time, moist rales were more evident 
over the base of the left lung than over that of the right. An electrocardiogram taken at the onset 
of the chest pain and a second tracing made two days later showed no changes indicative of myo- 
cardial infarction. Another attack of chest pain, associated with marked dyspnea and cyanosis, 
occurred on the thirteenth hospital day. At this time, diminished breath sounds and impaired 
resonance were present over the base of the left lung. He again improved, but four days later 
began to cough up bloody sputum, and thereafter gradually grew worse until his death on the 
twenty-first hospital day. 


Autopsy.—At autopsy the lips and nail beds were cyanotic. The skin of the distal one-half 
of the legs and of the dorsum of the feet was brown, moderately thickened, and scaly. 

The heart weighed 625 grams, and the left ventricle was more prominent than usual. The 
endocardium was smooth and glistening, and the columnae carneae were moderately flattened. 
The myocardium was uniformly firm and dark reddish tan. In the right atrium was a network of 
fibers (Fig. 1) which extended from the crista terminalis to the tricuspid ring; one fiber was attached 
to the tuberculum loweri. This structure was identified as a Chiari’s network. Spaced at irreg- 
ular intervals along the fibers were five roughly spherical, mottled gray and red thrombi, varying 
from 0.1 to 0.8 cm. in diameter. A widely patent foramen ovale in the interatrial septum measured 
1.0 cm. in diameter. The valve orifices were not remarkable, and the leaflets and cusps were thin, 
pliable, and translucent. Slight thickening of the chordae tendineae near their attachments to 
the anterior mitral leaflet was noted. 

The coronary arteries were large, and although the walls were diffusely thickened, no stenosis 
was present. Only scattered, yellow intimal plaques were observed in the aorta; the main pul- 
monary arteries were not remarkable. 

Over the posterior and diaphragmatic portions of the lower lobe of each lung, the pleural 
cavities were obliterated by friable, fibrinous adhesions. The left lung was well expanded and 
weighed 1,050 grams. On the diaphragmatic surface of the lower lobe was a sharply defined, 
raised, grayish yellow, oval area that measured 8.0 by 5.0 cm. and varied from firm to fluctuant 
in consistency. Sections perpendicular to the diaphragmatic surface showed a sharply defined 
triangular lesion, the base of which formed the raised area just described. The cut surface was 
slightly raised, and one-half was cystic and dark reddish gray while the remainder was firm and 
yellowish gray. The artery to this area was occluded by a mottled, gray and red mass, 
probably embolus. 

The left lung weighed 850 grams. In the posterior and inferior portions of the lower lobe, 
there was a fairly well-defined, firm, dark red, noncrepitant area which measured 6.0 by 8.0 
centimeters. The cut surface of the lesion was dark red and firm, with sharply defined borders. 
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The outline was roughly triangular with the base toward the inferior and posterior surfaces of the 
lobe. The artery supplying the region of this infarct was occluded by a friable, gray and red 
embolus that was not adherent to the vessel wall. 


Fig. 1.—Chiari’s network with thrombosis. A card has been placed under the network. The 
card has been cut in one place because of an attachment of the network directly to the atrial wall 
Thrombi are evident in several places. 


The left and right kidneys weighed 475 and 300 grams, respectively. Both showed congenital 
polycystic disease of slight degree. 

Microscopic Examination: Section taken from the lesion of the left lung showed some areas 
with intact septa and alveolar spaces filled by neutrophils and fibrin; elsewhere, only necrotic 
fragments of tissue remained. The pulmonary artery to this portion of the lung was filled by 
a laminated thrombus that was attached at its periphery by ingrowth of a few capillaries and 
fibroblasts. 

Sections from the posterior and inferior portions of the lower lobe of the right lung revealed 
alveoli engorged with blood; the alveolar septa were without cellular detail. 


DISCUSSION AND SUMMARY 


The observations of principal interest in this case were the thrombi on 
Chiari’s network and the emboli in the pulmonary arteries resulting in infarction 
of the lower lobes of both lungs. Except for the thrombi on Chiari’s network, 
no origin for the pulmonary emboli was found. It is to be noted, however, that 
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the veins of the legs were not examined, and thus could have been the site of 
thrombi, even in the absence of clinical evidence of thrombophlebitis or phle- 
bothrombosis. The cardiac insufficiency can be linked with the patient's 
hypertension and generalized arteriosclerosis. 


The frequent occurrence of multiple congenital anomalies is generally recog- 


nized, and in this case, included a Chiari’s network, patent foramen ovale, and 


polycystic disease of the kidneys. 
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CONGENITAL AORTIC ATRESIA 


REPORT OF THE First CASE W1iTH LEFT AXIS 
DEVIATION OF THE ELECTROCARDIOGRAM 


Louis A. SoLtorr, M.D. 
PHILADELPHIA, Pa. 


HE successful surgical approach to some congenital anomalies has made 

it worth while to attempt to diagnose all types of congenital heart disease so 
that those which are amenable to surgery can be separated with certainty from 
those that are not. Of all congenital types of heart disease, aortic atresia is one 
of the rarest.!? Only sixteen such cases have been reported. In spite of its rarity, 
this lesion produces a syndrome which makes it possible to recognize this disease 
during life. Taussig® recently has attempted to define the clinical picture. Right 
axis deviation is part of that picture in the two cases she described. The purpose 
of this report is to place on record the seventeenth case and demonstrate that left 
axis deviation of the electrocardiogram may occur with this lesion. It was the 
left axis deviation that prevented the entertainment of the correct diagnosis 
which otherwise appeared so likely. 


CASE REPORT 


J. C. W., 2 weeks of age, was admitted to Temple University Hospital on the service of Dr. 
Normal Kendall on Feb. 17, 1947, and died on March 3, 1947. He was born two weeks before 
the calculated date of birth and was apparently well until the third day, when cyanosis and an 
increasing respiratory rate were observed. The general condition of the baby remained un- 
changed until the day of admission, when cyanosis increased and very rapid grunting respirations 
appeared. A respiratory infection, superimposed on a congenital heart lesion, was suspected 
and the infant was admitted into the hospital. 

Physical examination revealed a thin infant who was dyspneic and cyanotic even in the 
oxygen tent. The lips, fingernails, and toenails were cyanotic. The rest of the skin was pale 
and mottled. The neck veins were overdistended. ‘The liver was enlarged to 4 cm. below the 
costal cage. There was slight pitting edema of the lower extremities. The breath sounds were 
obscured by the grunting respirations but were apparently vesicular or bronchovesicular. ‘The 
heart was extremely enlarged. The point of maximal impulse extended to the mid-axillary line 
in the fifth intercostal space. A loud, rough systolic murmur was audible in the third and fourth 
intercostal spaces to the left of the sternum. 

The laboratory findings showed a hemoglobin of 14.2 grams; the red blood cell count was 
5,110,000, and the white blood cell count was 17,200. There were 64 per cent neutrophiles, 32 
per cent lymphocytes, and 4 per cent monocytes. Urinalysis was essentially normal. The 
Wassermann test was negative. On the day of admission, x-ray films of the chest revealed a 
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Fig. 1.—-Posterior-anterior view of the chest. 


Fig. 2.—Lateral view of chest. 
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huge heart, and the impression was obtained that there was abnormal density in both upper 
lobes, which suggested an inflammatory lesion. 

The infant was placed on 10,000 units of penicillin every three hours for ten days. There 
was no clinical improvement. During this time the temperature varied between 97.2 and 99.3° F, 
by rectum. On only one occasion did the temperature reach 100° Fahrenheit. 

On March 2, 1947, an electrocardiogram and other x-ray films of the chest were made. In- 
spection of the film made in the posteroanterior position (Fig. 1) showed a tremendous heart. 
There were increased markings in the lung fields which were due to overfilling of the lung vessels. 
Craniad to the right cardiac border was a wide shadow the right border of which was straight; 
this represented the overfilled superior vena cava. The right cardiac border was rounded and 
enlarged to the right; this border represented the enlarged right atrium. The left cardiac border 
extended craniad far above the usual cardiac limits. It was convex and merged with the supra- 
cardiac vascular shadow. The upper portion represented pulmonary conus and was best demon- 
strated by the right oblique view. That the great mass of the heart was due almost entirely to 
right ventricle was demonstrated by the lateral view (Fig. 2) and best by the left anterior 
oblique view. In these views it was seen that the mass of the heart extended craniad and 
ventrad to touch almost the entire anterior chest wall. There was no appreciable enlargement 
of the heart caudad and dorsad so that no enlargement of the left ventricle was seen. No 
aortic knob was seen. 

There was, therefore, evidence for enlargement of the entire right side of the heart; right 
atrium, right ventricle, and pulmonary conus. This was, therefore, the functionally important 
portion of the heart. There was, of course, heart failure. From the absence of enlargement of 
the left ventricle, one could postulate an atretic aortic orifice, with the blood being shunted 
from the pulmonary artery through a patent ductus arteriosus to the aorta distal to its closure. 
The loud murmur could have been due to a patent ductus arteriosus. 


Fig. 3.—Electrocardiogram of infant with congenital aortic atresia. 


The electrocardiogram (Fig. 3) made on March 2 showed a sinus tachycardia with a rate of 
164 per minute. The P waves were upright, prominent, and enlarged in Leads I and II. The 
P-R interval was 0.14 second. The QRS complexes were upright and notched in Lead I. They 
were variable, possibly due to respiration. There was a deep S wave in Leads II and III. The 
QRS complex was mainly negative in Lead III. The P wave in precordial leads was prominent 
and peaked. The T wave was flat in Lead CR, and negative in CR; and CRe. 

Because of the left axis deviation, a definite diagnosis was not made. It was suggested that 
there was evidence for both atrial and ventricular disease, and that there was marked enlarge- 
ment of at least one atrium; care was taken to suggest that, in spite of the left axis deviation, 
there was no electrocardiographic evidence for ventricular preponderance. This was based 
upon the appearance of the precordial leads. 

The baby died on March 3, 1947, of congestive heart failure at the age of 2 weeks. 

Autopsy.—The autopsy was performed by Doctor E. E. Aegerter. Significant findings were 
confined to the cardiovascular system. When the plastron was removed, the heart was found 
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to be immense. It pushed the left lung laterally and occupied the major portion of the thoracic 
cavity. The heart weighed 69 grams (normal weight at 1 month, 19 grams). There wasa slight 
excess of clear fluid in the pericardial sac. The large vessels arising from the aorta were normal 
in size and position. The return venous flow to the atria was normal. The heart was made up 
of a huge single-chambered ventricle, an abnormally large right atrium, and a small left atrium. 
The myocardium of the ventricular wall measured approximately 1.0 cm. in thickness. The 
large chamber opened normally into an enlarged pulmonary artery which divided normally 
into right and left pulmonary arteries. The pulmonary valve appeared to be normal. The 
ductus arteriosus was widely patent, having a diameter approximately the same as that of 
the aorta. There was an abortive left ventricle measuring approximately 1.0 cm. in diameter 
which opened freely into the large right ventricle. A very small channel about 2.0 mm. in di- 
ameter extended upward to an imperforate septum dividing this chamber from a small abortive 
leftatrium. There was no opening from the left atrium into the ventricle. Another small channel 
extended from the abortive left ventricle to the base of the aorta. Again the valve was imperforate 
and there was no opening into the aorta. The aortic valve showed three primitive cusps and the 
coronary Ostia were normal in size and position. The coronary vessels were normal. The blood 
flow was from the right and left pulmonary veins into the small abortive atrium, through a patent 
foramen ovale into the large right atrium, from there into the large unilocular ventricle and thence 


. 
Fig. 4..-Diagram of the heart and great vessels in congenital aortic atresia. 


Ss. V. C.—Superior vena cava R. V.—Right ventricle 
Inferior vena cava P. O.—Pulmonary orifice 
Right atrium P. A.—Pulmonary artery 
Left atrium L. V.—Left ventricle 
Foramen ovale A. Aorta 
Tricuspid orifice D. A.—Ductus arteriosus 
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into the large pulmonary artery, and then through the patent ductus arteriosus into the small 
abortive aorta. The venae cavae emptied normally into the right atrium. 
The anatomic relations of the cardiac chambers and great vessels are diagrammatically repre- 


sented in Fig. 4. 


DISCUSSION 


Aortic atresia is a rare congenital anomaly. It is incompatible with life 
beyond a few weeks. It is usually associated with hypoplasia or absence of the 
left ventricle and compensatory enlargement of the right ventricle and pulmonary 
artery. Blood enters the left atrium normally. This chamber may be small, 
large, or normal in size. The mitral valve is usually closed or very small. The 
foramen ovale is open. Blood passes through this opening into the right atrium, 
which is usually enlarged. Here it mixes with blood from the venae cavae. 
This mixed blood passes through the tricuspid orifice into the large right 
ventricle. The blood is pumped out into an enlarged pulmonary artery. Part 
of the blood is carried to the lungs and part passes through a widely patent 
ductus arteriosus to the aorta, which regains its normal caliber distal to the 
insertion of the ductus. From here the blood is carried by normal routes to 
the rest of the body. Pathologic specimens similar to the one reported here 
have been described by Popjak,* Wesson,’ and Wiglesworth.*® 

Taussig® has pointed out that the pathologic changes in the size of the 
various chambers of the heart, the pulmonary artery, and the aorta can all be 
recognized by careful fluoroscopy. She has reported two cases, both with right 
axis deviation. No other reports of congenital aortic atresia with electrocardio- 
graphic studies have been reported. 

Fluoroscopic evidence of exclusive enlargement of the right side of the heart 
and the pulmonary artery should lead one to suspect some type of interference 
with the function of the left ventricle. It suggests that the right ventricle and 
pulmonary artery are attempting to take over the function of the left ventricle 
and aorta. The pulmonary artery can do this only through a patent ductus 
arteriosus. For blood to flow from the pulmonary artery to the aorta there must 
be some interference with the flow of blood in the aorta proximal to the ductus 
arteriosus. Hence, one can infer the presence of atresia of the aortic orifice. 
This gives rise to a functional atrophy of the left ventricle. 

Clinically, an infant with this type of malformation is cyanotic and dyspenic. 
Right heart failure is obvious. A systolic or continuous murmur may be present 
to the left of the sternum in the second or third intercostal space, or no murmur 
may be audible. 

Left axis deviation of the electrocardiogram associated with cyanosis in the 
newborn is extremely rare. Taussig® in another paper has stated that the com- 
bination of cyanosis and left axis deviation in an infant with congenital heart 
disease, so far as she is aware, occurs only in tricuspid atresia. Schnitker‘ has 
observed such a combination in an infant with truncus communis persistens. 
It may also occur in Ebstein’s disease. This report demonstrates that it may 
also occur in aortic atresia. 
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The presence of left axis deviation in the electrocardiogram with huge 
enlargement of the right ventricle emphasizes the fact that axis deviation depends 
primarily on the electrical position of the heart. When the heart is electrically 
closer to the left arm, left axis deviation of the electrocardiogram tends to occur. 
When the heart is electrically closer to the left leg, right axis deviation tends to 
appear. The vertical heart tends to have a right axis deviation and the trans- 
verse heart, a left axis deviation. The normal anatomic relationship of the left 
ventricle to the right tends to produce left axis deviation with enlargement of the 
left ventricle and right axis deviation with enlargement of the right ventricle. 
When the left ventricle is hypoplastic or vestigial, the axis deviation will depend 
upon the direction of the maximum growth of the right ventricle. Apparently, 
in this infant, growth had been limited by the diaphragm and lateral chest wall 
and the heart grew cephalad so that it was electrically closer to the left arm. 
A left axis deviation, therefore, was produced. The precordial leads will, how- 
ever, show the relative preponderance of one ventricle over the other. In this 
patient, no ventricular preponderance was seen in the precordial leads. The 
reason for this is obvious. Only the right ventricle was and could be explored. 


SUMMARY 


A case of congenital aortic atresia with hypoplasia of the left ventricle and 
huge enlargement of the right ventricle with left axis deviation of the electro- 
cardiogram, is described. 
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STREPTOMYCIN IN ACUTE TUBERCULOUS PERICARDITIS 


A REPORT 


H. CLARKSON MEREDITH, JR., M.D. 
CHARLOTTESVILLE, VA. 


LTHOUGH most of the varieties of tuberculosis have been known since 

the earliest medical records, the first mention of tuberculosis of the peri- 
cardium was by Rokitansky! in 1852 and the first case was reported in 1872. 
It was considered to be quite rare in the early reports. In 1892 when Osler’ 
presented seventeen cases, he could find but thirty-two references to this 
form of tuberculosis. Since then increasing numbers of cases have been 
reported and now the average incidence is about 1 per cent of all patients 
who come to autopsy and about 4 per cent of those with tuberculosis upon 
whom autopsies are performed. 

There was no available effective antibacterial therapy for tuberculosis until 
1944 when Schatz, Bugie, and Waksman, as a result of experiments, suggested 
that Mycobacterium tuberculosis was sensitive to streptomycin.2 Later that 
year Feldman and Hinshaw*: * *"¢> reported the inhibitory effects of strep- 
tomycin on this organism in vivo. Since then many reports have been pub- 
lished concerning the effectiveness of streptomycin in the various forms of tu- 
berculosis.*-7 However, we have found no reference to the use of streptomycin 
in the treatment of tuberculous pericarditis with effusion. Recently a patient 
with this disease has been treated with streptomycin in the hospital from which 
this report comes. It was thought the good results that were obtained in the 
case should be reported. 

Tuberculosis is not the most common cause of acute pericarditis, but it 
is one of the most serious. It may develop from direct extension from adjacent 
pleural and lung disease, from caseous mediastinal nodes, or it may be hema- 
togenous in origin.’ Pericarditis may consist of localized fibrinous involve- 
ment or it may be of the thick “bread and butter’ type.!°"! Usually it 
progresses insidiously into the effusive type which may be either serofibrinous 
or serosanguineous and may result in the accumulation in the pericardial sac 
of as much as two liters of fluid.!'"?"* These massive effusions can be most 
dangerous as they may cause pressure on such vital structures as the lungs, 
mediastinal contents, and the superior and inferior venae cavae, and may seri- 
ously compress the heart and prevent adequate diastolic filling.'°"* This re- 
sults in the clinical picture of cardiac tamponade and often requires repeated 
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tappings to preserve life.*" Probably the most frequent cause of massive 
pericardial effusion is tuberculosis.’ Death is the most common outcome with 
some series showing a mortality rate as high as 85 per cent.!°"'" In a small 
percentage the outcome is more favorable: there may be complete resolution, 
there may be resolution with unimportant residual adhesions, or there may 
be gradual progression into chronic constrictive pericarditis." This latter 
type of pericarditis formerly carried a poor prognosis until cardiolysis was 
introduced.” 

To establish positively the etiology of tuberculous pericarditis by obtain- 
ing the organism, repeated paracenteses are often required before a positive 
culture, smear, or guinea pig test is obtained.’ Frequently the acid-fast or- 
ganisms are not found even after repeated efforts, and the diagnosis rests upon 
the finding of tuberculosis elsewhere. 

The following case is being presented as an example of acute tuberculous 
pericarditis with effusion which responded rather dramatically to streptomycin. 


CASE REPORT 


N. W., a 17-year-old Negro lad who worked as a dishwasher, was admitted to the Uni- 
versity Hospital complaining of an abscess in his neck, fever, and shortness of breath. He had 
been in good health until seven to nine months before admission when he developed a cough 
which gradually became productive of yellow sputum. About five months before admission 
he noticed a small, painless swelling in the right supraclavicular fossa which gradually enlarged 
until it was about 4.0 cm. in diameter. This was incised by his local physician and whitish pus 
was obtained. Following this, a draining sinus persisted. About two weeks before admission 
he coughed up a small amount of blood. There was a weight loss amounting to 15 pounds in 
nine months. For three weeks anorexia had been marked. During the week previous to ad- 
mission the patient felt feverish and noticed rather rapidly progressing dyspnea without sig- 
nificant orthopnea. He denied any contact with tuberculosis. 

On physical examination the temperature was found to be 103.2° F., pulse rate 100 per minute, 
respirations 24, weight 112 pounds, and blood pressure 106/70. He was seen to be a well-devel- 
oped but poorly nourished young man lying flat in bed with rapid, shallow respirations and 
obviously very ill. His skin was hot and dry and his sinuses transilluminated poorly. A non- 
tender, fluctuant mass about 4.0 cm. by 4.0 cm. was found in the right supraclavicular fossa 
with two draining sinuses exuding whitish material. In both axillae there were enlarged lymph 
nodes, one in the right axilla being about 2.0 cm. by 2.0 cm. in size. Examination of the chest 
revealed dullness to percussion and absence of tactile fremitus, whispered voice, and vocal frem- 
itus. Breath sounds over the entire left anterior chest from the second rib downward and out 
to the anterior axillary line were absent. There was lagging and diminished respiratory ex- 
cursion of the left chest. Posteriorly, there was moderate dullness with decrease in breath sounds, 
whispered voice, and tactile fremitus over the lower portion of the left chest. A systolic mur- 
mur was heard over the precordium but the heart sounds were distant. The left border of dull- 
ness was in the anterior axillary line and the right was 2.0 cm. to the right of the sternal border. 
The second pulmonic sound was greater than the second aortic sound. There was a normal 
sinus rhythm. The rest of the physical examination was negative. 

Laboratory data on admission revealed a red cell count of 4.07 million with 10 Gm. 
of hemoglobin and a white cell count of 12,400 with a differential count of 55 per cent poly- 
morphonuclear leucocytes and 45 per cent lymphocytes. The urine was essentially negative and 
the Wassermann test was negative. The sputum examination was negative for acid-fast or- 
ganisms. The erythrocyte sedimentation rate was elevated to 31 mm. in one hour. 

X-ray films of the lungs made on admission (Fig. 1) revealed a tremendous enlargement 
of the cardiac shadow which showed no pulsations when studied fluoroscopically. The lung 
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fields showed no evidence of pulmonary tuberculosis. An electrocardiogram showed a ventricu- 
lar rate of 130 beats per minute with low, slurred QRS complexes and low or inverted T waves. 
On the third day after admission, because signs of cardiac tamponade were developing, a peri- 
cardial paracentesis was done and 500 c.c. of fluid the color of port wine was removed with dra- 
matic relief of his dyspnea, substernal pressure, anxiety, and tachycardia. Examination of this 


Fig. 1.—X-ray film of chest showing massive pericardial effusion. 


Fig. 2.—X-ray film of chest made forty-seven days after streptomycin was started. 


fluid revealed a moderate amount of fibrinous material, a moderate number of red cells, and a 
total protein of 3.25 Gm. per 100 cubic centimeters. As a precautionary measure he was started 
on 30,000 units of penicillin every three hours. 

In an effort to establish the etiology, repeated specimens of sputum as well as gastric wash- 
jngs were examined and cultured for tuberculosis. The pericardial fluid was likewise studied 
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for acid-fast organisms and also agglutinated for tularemia. Studies for fungi were also done. 
All these studies gave negative results. Finally, a biopsy of an axillary lymph node revealed 
caseous tuberculosis. 

The patient’s course continued to be a febrile one with the temperature rising to 102° F. 
or higher daily and his pulse running between 110 and 120 beats per minute. Anorexia was 
marked and he lost seven pounds of weight. He felt quite ill and again began to complain of 
dyspnea and chest pains. A loud pericardial friction rub developed and persisted for ten days. 
On the twentieth day of hospitalization he was started on streptomycin, 200 mg. intramuscu- 
larly every three hours. Within two days the temperature began to decline and within four to 
five days it reached normal where it remained until the patient’s discharge. The pulse rate 
dropped to between 90 and 110 beats per minute. 

The patient was followed closely as he gradually improved. A paracentesis of the peri- 
cardium repeated on the eleventh day of streptomycin therapy again revealed fluid which was 
negative for tuberculous organisms. Repeated electrocardiograms were made and showed grad- 
ual increase in the amplitude of the complexes; the last electrocardiogram, made on the sixtieth 
day of hospitalization, showed upright T waves in Leads II, III, Vr, Vr, and V;. Also fre- 
quent orthodiagrams revealed a gradually diminishing heart shadow with a decrease fron a 
frontal plane area of 230 sq. cm. (+155 per cent) shortly after admission to 148 sq. cm. (+64 
per cent) three days before discharge. His sedimentation rate fell to 18 mm. in one hour and 
evidences of cardiac embarrassment disappeared. The patient received streptomycin for thirty- 
three days and then was observed in the hospital for ten days after the drug was stopped. At 
the time of discharge, he felt well, was eating well, had gained 1714 pounds, and wished to re- 
turn to work. 

After sixty-two days of hospitalization he was discharged toa tuberculosis sanatorium where 
he has been followed since. An x-ray film of his chest made at that institution (Fig. 2) showed no evi- 
dence of pericardial effusion but did show a moderate amount of tuberculous exudative in- 
filtration present in the left lower lobe which had previously been obscured by the massive ef- 
fusion. All sputum examinations were negative for tuberculosis. For three months following 
discharge from the University Hospital he has had no fever, his pulse rate has been about 88 
per minute, and he has felt very well except for an occasional vague chest pain. 


The final diagnosis on the patient was tuberculous pericarditis with effu- 
sion, tuberculosis of the left lower lobe, and tuberculous lymphadenitis. Al- 
though the attempts to demonstrate the tubercle bacilli in the pericardial fluid 
were not successful, which is not an unusual occurrence, adjacent pulmonary 
tuberculosis was found, a biopsied lymph node showed caseous tuberculosis, 
and his clinical course was typical. It was postulated that the pericarditis de- 
veloped from direct extension from a caseous mediastinal node or from the 
adjacent lung disease. It will be of interest to continue following this patient 
to determine if the complication of chronic constrictive pericarditis develops 
in later vears. 

SUMMARY 


The case report of a patient considered to have tuberculous pericarditis 
with effusion who responded excellently to streptomycin is presented. 


Since this manuscript was submitted, McDermott and associates in their article “Strepto- 
mycin in the Treatment of Tuberculosis in Humans” in the Annals of Internal Medicine for 
November, 1947, included the case of a 19-year-old girl with acute tuberculous pericarditis with 
effusion who was treated with streptomycin with excellent results. In the Council on Pharmacy 
and Chemistry's report in the Journal of the American Medical Association for November 8, 
1947, on ‘The Effects of Streptomycin on Tuberculosis in Man,” there is also mention of a case, 
apparently the same one. 
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SPONTANEOUS PNEUMOPERICARDIUM 


CASE REPORT 


‘VERNON C. Harpe, JR., M.D., AND Epwin S. PEEKE, M.D. 
SAN FRANCISCO, CALIF. 


NEUMOPERICARDIUM with communication of the colon, stomach, and 

pericardial cavity is a bizarre condition which is of much interest to the 
clinician, radiologist, and pathologist. Only ten cases of spontaneous pneumo- 
pericardium have been reported since 1931 when Shackelford! reported seventy- 
seven cases of hydropneumopericardium after an exhaustive study of the litera- 
ture of the one hundred years preceding the publication of his article. In his 
series thirty-nine were spontaneous in origin, and of these, thirteen were caused 
by erosion of hollow viscera. Pericardial perforation was caused by benign 
ulceration of the esophagus in four instances and of the stomach in five instances. 
Carcinoma of the esophagus caused three instances of pneumopericardium; only 
one case was associated with carcinoma of the stomach, and in this instance 
radium necrosis was considered to have caused the perforation.” In the remaining 
cases in Shackelford’s series, the cause was infection or trauma. 

The ten cases of spontaneous pneumopericardium reported since 1931 
include no instances in which carcinoma was the cause. Four were associated 
with tuberculosis,*-* one complicating a bilateral spontaneous pneumothorax.® 
In two, the cause was suppuration, presumably by gas-forming bacilli, and in 
one of these typhoid bacilli were identified.7"> The remaining four cases were of 
unknown 


The trauma of war and industrial injuries has caused a number of cases of 
pneumopericardium.":" There are scattered reports of the use of artificially 
induced pneumopericardium for the treatment of tuberculous and suppurative 
pericarditis.“-*! Several contain thorough studies of the litera- 
ture and comprehensive reviews of the symptoms and physical signs found in this 
condition. 

The case to be reported is of interest because of the extensive carcinomatous 
erosion of the stomach, colon, and pericardium, which was probably present 
for at least three weeks despite the paucity of symptoms. A pre-mortem diag- 
nosis was made by a routine x-ray examination of the chest. 
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CASE REPORT 


First Admission (March 8 to April 5, 1940).—The patient, a 56-year-old white carpenter, 
entered San Francisco Hospital complaining of nausea and vomiting of several months’ duration. 
For many years he had been a heavy drinker of whiskey and beer. For two years he had had 
intermittent episodes of nausea, vomiting, and diarrhea. During the year before entry he had 
eaten very little, had lost weight, and had noted weakness, occasional syncope, and paresthesias 
of the extremities. 

The patient was well developed, but poorly nourished and ill kept. The lymph nodes were 
not enlarged. The lungs were clear. The heart was not enlarged and there were no murmurs. 
The blood pressure was 140/84. The liver was palpable 5.0 cm. below the right costal margin. 
The extremities showed moderate edema of the ankles and sclerotic peripheral arteries. The 
reflexes were equal in the arms but absent in the legs. There was moderate ataxia, and sensory 
examination showed poor pain distinction in the distal areas of all extremities. 

The urine showed a specific gravity of 1.018, no albumin, and many white blood cells and 
bacteria. The hemoglobin was 76 per cent. The red blood cell count was 3.1 million; the color 
index, 1.2; and the white blood cell count, 11,720 per cubic millimeter. The serology was negative. 
Stool examination showed no occult blood. Gastric analysis showed a complete achlorhydria 
before and after histamine. Blood proteins were normal. 

The patient was treated with vitamins and discharged improved. 

Second Admission (Nov. 8 to 15, 1940).—The improvement which took place during the 
previous hospitalization was transitory; the patient continued to drink and ate very little. He 
entered with the same complaints as before, and with a further weight loss of thirty-five pounds. 
The findings were those of the first admission. 


Third Admission (Feb. 13, 1947).—The patient, now a 63-year-old senile man, complained 
of diarrhea ‘‘for a long time.’”’ Weakness of the legs had progressed gradually, and for the past 
three weeks he had been lying in bed without eating. 

The temperature was 98.8° F.; the pulse rate was 100 per minute; the respirations were 22 
per minute. The patient appeared very weak and older than his 63 years. The skin and mucous 
membranes showed evidence of marked weight loss and vitamin deficiency. There was no club- 
bing or cyanosis. The lymph nodes were not enlarged. The lungs showed slight dullness and 
wet rales in the leit base. The heart size was obscured by emphysema. The rhythm was regular, 
the heart sounds were distant, and no murmurs were audible. A firm, smooth liver edge was 
palpable 6.0 cm. below the right costal margin. There was sacral and ankle edema. Muscle 
power was generally weak. The knee and ankle jerks were absent, and there was a bilateral Ba- 
binski sign. There was stocking and glove anesthesia to pain and position sense, although the 
man walked a short distance on the ward (against orders). The white blood count was 22,000 
per cubic millimeter. 

X-ray films (Fig. 1) showed the heart to be normal in size and position. <A radiolucent area 
1.0 to 2.0 cm. in width between the shadow of the heart and its vessels and the shadow of the 
pericardial pleura is indicative of air in the pericardial sac. A homogeneous density at the base 
of the left lung extends to the level of the fourth rib anteriorly in the peripheral zone. The right 
lung field is clear save for some fuzzy density just above the diaphragm. ‘The roentgenologic 
diagnosis was: pneumopericardium, left hydrothorax, and congestion of the right lung. 

The patient was treated symptomatically. The morning after entry his condition was 
markedly worse, although he remained afebrile. He expired Feb. 14, 1947, on the second hospital 
day. 

The clinical impressions were (1) malnutrition with avitaminosis, peripheral neuritis, and 
hypoproteinemia; ‘(2) left lower lobe pneumonia with left hydrothorax; and (3) pneumopericar- 
dium. 


Post-mortem Examination.—Autopsy was performed six hours after death (anatomical dissec- 
tion by Dr. R. O. Holmes). The body was that of a well-developed, poorly nourished white man. 
The right pleural cavity contained 500 c.c. of clear, yellow fluid. Dense adhesions bound the 
right lung base to the chest wall. The left pleural cavity contained 1,200 c.c. of cloudy, yellow 
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fluid. Easily broken adhesions bound the left lung to the diaphragm and to the pericardium, and 
the right lung to the mediastinum which was in the midline. The lymph nodes were not en- 
larged. The pericardial sac was dark blue in color. It was incised, and both the epicardium 
and pericardium were covered with a grayish green, cheesy exudate which penetrated 1.0 mm. 
below the surface of the epicardium. The pericardium was 1.0 to 2.0 mm. in thickness and 


Fig. 1.—The pericardial sac is distended by gas and clearly outlined nearly 2.0 cm. 
from the left border and 1.0 cm, from the right border of the heart. 


contained 70 c.c. of grayish green, purulent, cloudy fluid. There were no adhesions between the 
pericardium and epicardium. The heart weighed 420 grams. A large part of the myocardium 
was protected by a thick layer of epicardial fat. The musculature was soft and there was no gross 
fibrosis or infarction. The left ventricular wall measured 15 mm. and the right, 5.0 millimeters. 
The endocardium showed no clots or vegetations. The valves were of norrral size and closed 
well. The coronary vessels were patent and elastic. 

The right lung weighed 550 grams; the left, 460 grams. Both lung bases were congested and 
edematous, and the left lower lobe was partially atelectatic. There was no consolidation. 

The spleen weighed 100 grams and showed a marked perisplenitis and was adherent to the 
omentum, stomach, and left leaf of the diaphragm. The liver weighed 1,300 grams and was 
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moderately congested. The esophagus was not remarkable. The stomach was adherent to the 
diaphragm superiorly and to the transverse colon which overlay it. Involved in the surrounding 
adhesions were the left lobe of the liver, the omentum, the spleen, and the diaphragm. The 
stomach was easily torn from the diaphragm leaving an 8.0 by 5.0 cm. defect in its anterior wall 
adjacent to the greater curvature (Fig. 2). At the edge of this perforation the gastric wall was 
thickened, necrotic, and covered with a greenish gray, purulent material. On the under surface 
of the diaphragm, corresponding to the adherent perforated stomach, was an area of necrosis 
measuring 8.0 by 5.0 cm., in the center of which was a 2.0 cm. perforation of the diaphragm which 
freely communicated with the pericardial cavity. Adjacent to the large defect in the stomach 
was a 2.0 to 3.0 cm. perforation opening widely into the splenic flexure of the transverse colon. 
There was no evidence of hemorrhage. There was no tumor mass. The gastrointestinal tract 
was otherwise not remarkable. 


Fig. 2.—The esophagus, stomach, and duodenum are opened to show the gastric defect and the 
adherent transverse colon. The margins of the hiatus were adherent to the under surface of the dia- 


phragm. 


The mesenteric lymph nodes were not enlarged. The kidneys each weighed 120 grams and 
had thin cortices with poor corticomedullary differentiation. The aorta showed marked athero- 
sclerosis with eggshell calcification of much of the wall. The adrenals were grossly normal, 
as were the pancreas, bladder, and prostate. 


Microscopic Examination.—The epicardium was 1.0 to 2.5 mm. in thickness and was markedly 
necrotic. The superficial layer consisted of granular and fibrinous debris, heavily infiltrated with 
chronic inflammatory cells (Fig. 3). The deeper part of the epicardium consisted of degenerated 
connective tissue, largely replaced by a dense fibroblastic infiltration containing many chronic 
inflammatory cells, many new capillaries, and a variable amount of hemorrhage. The pericardium 
was necrotic and similar in structure to the epicardium. The myocardium was slightly edematous 
and showed moderate brown atrophy. 

The wall of the stomach near the cardia and near the pylorus showed only an increased 
vascularity of the submucosa and surface autolysis and degeneration of the mucosa. Section 
through the edge of the gastric ulcer where it was torn from the diaphragm showed the necrotic 
edge of the ulcer to extend through the mucosa, submucosa, and muscle layers through the serosal 
surface which was adherent to the diaphragm. Beneath this necrotic edge of granular and 
cellular debris and beneath the muscularis mucosa were pleomorphic epithelial cells in a dense 
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connective tissue stroma (Fig. 4). The cells lay in small, branching cords, although there were 
large areas with no apparent pattern. The cells were small, had little cytoplasm, and, predomi- 
nantly, large, clear nuclei with a single prominent nucleolus. Occasional nuclei had two nucleoli. 
Scattered cells kad small, hyperchromatic nuclei. These epithelial cells and the stroma formed 
a layer less than 2.0 mm. in thickness below the surface necrosis. The underlying gastric wall 
structures were not unusual save for a chronic inflammatory reaction. Section through the 


Fig. 3.—-The necrosis and underlying inflammatory reaction involve nearly 
the entire thickness of the epicardial fat. 


ulcerated edge of the diaphragm showed a similar necrosis overlying a layer of epithelial cells 
and connective tissue identical to that in the ulcerated edge of the stomach. The underlying 
striated muscle fibers were thin and necrotic and widely separated by epithelial tumor cells, fibrosis 
and chronic inflammatory cells, and edema. Several thrombosed vessels were recanalized. 
Section through the gastrocolic fistula showed the serosal surfaces of the stomach and colon to 
be adherent and united by loose connective tissue containing large quantities of fat. Beneath 
the necrotic lining of the fistula was a 1.0 to 2.0 mm. layer of epithelial tumor cells identical with 
those already described. These cells undermined and invaded the gastric submucosa and muscular 
layers for several millimeters. Lymph nodes in the subserosal connective tissue, less than 1.0 
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cm. from the gastric ulcer edge, showed no evidence of epithelial cell infiltration. There was no 
carcinoma elsewhere in the organs studied. 

The anatomical diganosis was: (1) scirrhous carcinoma of stomach, with ulceration and 
adhesions to and perforation of diaphragm, pericardium, and transverse colon, with gastrocolo- 
pericardial fistula, pericarditis, and pneumopericardium; (2) congestive heart failure with bi- 
lateral hydrothorax, pulmonary edema, and passive congestion of liver; and (3) generalized 
arteriosclerosis with nephrosclerosis. 


Fig. 4.—Section adjacent to the gastrocolic fistula shows carcinoma cells 
penetrating the muscularis mucosa. 


DISCUSSION 


The presence of carcinoma is suggested by several clinical findings and the 
gross examination. The patient was studied six years before his death. A weight 
loss of thirty-five pounds in eight months was noted, along with a total achlor- 
hydria before and after histamine, and a hyperchromic anemia. These findings, 
of course, are equally consistent with the man’s chronic alcoholism and poor 
nutritional state. He entered the day before his death complaining of diarrhea 
“for a long time’’ and weakness which had confined him to bed for the previous 
three weeks. The complete absence of pain is remarkable. The site of the ulcer 
anteriorly in the body of the stomach is likewise highly suggestive of malignancy. 

This tumor is bizarre in behavior, and its pattern is obscured by the exten- 
sive necrosis which has all but destroyed the entire tumor. It is anaplastic, and 
there is no attempt at glandular formation. The scirrhous element is prominent, 
with dense stroma separating cords of cells and individual cells. It is not highly 
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invasive, although occasional small areas in which it crosses the muscularis 
mucosa are seen. It is not highly metastatic and has not reached the adjacent 
lymph nodes. 

It is probable that carcinoma of a type slow to metastasize developed inde- 
pendently of other factors. As the tumor became eroded and ulcerated, neigh- 
borhood inflammation occurred, with adhesions of the adjacent diaphragm and 
transverse colon. Further central erosion caused perforation and the gastro- 
colopericardial fistula without soiling the peritoneum. 


SUMMARY 


1. A case of spontaneous pneumopericardium is presented, and the litera- 
ture briefly reviewed. 

2. The pneumopericardium was caused by a carcinoma of the stomach 
which eroded through the diaphragm into the pericardium and through gastro- 
colic adhesions into the transverse colon. The pericardial sac was soiled by both 
colon and stomach contents. 
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ABDOMINAL ANEURYSM WITH AORTO-JEJUNAL RUPTURE 


FOURTH REPORTED CASE 


R. BERNARD POMERANTZ, M.D. 
SAN ANTONIO, TEXAS 


UPTURE of an abdominal aneurysm into the jejunum being such a rare 

condition, it is considered worth while to report this case, notwithstanding 
its incompleteness. 

Concerning ruptured abdominal aneurysms in general, the reader is referred 
to the remarks of Lipshutz and Chodoff,! who in 1939 noted that the total number 
of cases in the literature was only 427, and added two cases. As to the rupture 
of aneurysms into hollow viscera, a review by Hunt and Weller? in 1946 showed 
recorded cases totaling forty-one, including their case. In that report the 
sites of gastrointestinal rupture were enumerated, and there were but two cases 
involving the jejunum. Apparently these authors overlooked one case, reported 
by Hausmann? in 1943 in which an aneurysm ruptured into the jejunum. A 
recently reported case of an aneurysm rupturing into the duodenum, reported 
by Ballice,t and an additional case of aneurysm emptying into the stomach, 
reported by Irwin and Frankel,® have been recorded. To bring the totals up 
to date (through June, 1947), aortic aneurysms rupturing into hollow viscera 
have been reported as follows: into the stomach, six cases; into the duodenum, 
thirty-four cases; into the jejunum, three cases (not including the case to be 
presented); into the small intestine, region unspecified, one: a total of forty-four 
cases. 

The incompleteness of our report is due in part to the fact that the patient 
did not seek medical advice until late in the course of her illness and was not 
hospitalized until the pain representing beginning rupture was moderately severe, 
allowing little time for clinical examination. The possibility must be admitted 
that her sudden demise after two days of hospitalization may have been hastened 
by trauma to the aneurysm from direct palpation which resulted from the mul- 
tiple examinations by the persons who attended her. 


CASE REPORT 


Mrs. R. B. (No. 122637), a 53-year-old married white housewife, who lived in a small town 
nearby, was admitted to the Robert B. Green Memorial (County) Hospital on May 17, 1947, 
at 3:30 p.m. and expired on May 19, 1947, at 11:30 p.m., during which time treatment consisted 
only of efforts at diagnosis and that for terminal shock due to blood loss. A brief admission his- 
tory revealed only facts concerned with the chief complaint. The patient stated that she was 
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perfectly well until three weeks prior to admission, at which time she had a severe pain in her left 
abdomen. She called her local physician who administered some hypodermic medication. This 
did not completely relieve the pain. The pain ceased after two or two and one-half hours, how- 
ever. Eight days prior to admission, she had a recurrence of severe pain. She received another 
hypodermic and the pain decreased after a similar length of time but did not stop entirely, leaving 
the patient with a dull pain in the left half of the abdomen. There were also cramps in the lower 
abdomen which were not localized and were not followed by any bleeding from the rectum. There 
was no history of venereal disease or suggestive treatment. The patient was not interrogated 
concerning abdominal trauma. 

Physical examination at this time showed a well-developed and well-nourished, comely white 
woman. She lay quietly in bed and was in no apparent distress. |The temperature was 100.6°F., 
the pulse rate 128 per minute, respirations 28, and blood pressure 152/98. A firm mass, 3 inches 
in diameter. which was apparently not tender to palpation, was felt in the mid-epigastric region. 
Whether this mass was expansile could not be definitely determined. She was examined by five 
physicians; three of them said that it was not expansile and believed the mass to be a pancreatic 
cyst or other tumor which transmitted the pulsations of a normal aorta. The other two were 
just as positive that the mass did expand laterally. The patient’s abdominal wall allowed the 
fingers to surround the mass with reasonable facility. (Had the patient complained of pain, no 
doubt she would have been examined by only one or, at the most, only two persons.) 


There were 3.95 million red blood cells, 12 Gm. of hemoglobin, and 6,600 white blood cells, 
with 64 per cent polymorphonuclear leucocytes, 32 per cent lymphocytes, and 4 per cent mono- 
cytes. Urinalysis showed a specific gravity of 1.015, no albumin or sugar, 5 white blood cells, 
and many epithelial cells per high power field. A Kline exclusion test was negative. 

Special studies were ordered but never performed. On May 19, 1947, at 3:50 P.M., the patient 
had a recurrence of severe pain, this time in the mid-epigastrium, and this was followed in a few 
minutes by the vomiting of 500 c.c. of bright red blood. The patient was in shock out of propor- 
tion to this blood loss and, although she received plasma, adrenal cortex, and postural treatment 
immediately, and whole blood at 4:30 p.M. and again at 7:30 and 10:00 p.m. (500c.c. on each oc- 
casion), blood continued to pour from her mouth and she expired at 11:30 p.m. On the day prior 
to her death her peak temperature was 102°F.; at the same time her high admission pulse rate had 
dropped to 85 and her respirations to 20 per minute. The only other note of possible interest is 
that at 10:30 a.m. of the day of the rupture of the aneurysm the patient had been given a thorough 
soap suds enema and had evacuated a large amount of fecal material. Stools were not examined 
for blood. 


Post-mortem Findings.—Only gross autopsy findings were recorded at the examination which 
was made twelve hours after death. They consisted essentially of the presence of blood through- 
out the large and small intestines which were distended them moderately. The stomach was markedly 
distended ; the mucosa was smooth and no evidence of carcinoma, ulcer, or other pathologic change 
was in evidence. The mass noted clinically was posterior to the mid-transverse colon and was 
adherent to the jejunum for a distance of three inches from the ligament of Treitz, and to the 
retroperitoneal tissues through considerable old scar tissue. (See diagrammatic sketch, after 
drawing of Dr. J. M. Graham who performed the necropsy.) The jejunum and abdominal aorta 
were mobilized in a block and removed for washing and careful study. A round, sacculated 
aneurysm with rigid walls, the result of the addition of many layers of old, flattened blood clot 
densely adherent to the intima, which was not discernable as such, showed signs of recent ruptur einto 
the jejunum through a ragged aperture approximately 2.0 cm. in diameter. This raggedness 
was due to the splitting of the layers of the clot at various levels; there was no direct communica- 
tion to be visualized after the post-mortem contraction of the tissues, but a pencil could be led 
through the communication without the use of force. There was no evidence of peptic ulceration 
of the mucosal side of the opening. There was recent splitting of the musculature of the jejunum, 
probably related to the distention of this viscus by the force of the rupture. The remainder of 
the excised portion of the aorta showed subendothelial yellowish plaques, which varied from pin 
point to 0.5 cm. in diameter, but did not suggest the degree of degeneration that is usually thought 
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of in connection with arteriosclerotic aneurysm. The aneurysmal dilatation was described as 
being 31% inches in diameter and 51% inches in length. Other organs examined grossly showed no 


evidence of disease. 


e-- Aorta 
Treitz 


clot 


--Site of 
rupture 


--..omall plaque 


Fig. 1.—Drawing suggesting the relative size of the abdominal aneurysm and 
showing the site of rupture into the jejunum. 


DISCUSSION 

With this limited information, little discussion is indicated. With the fever, 
relatively young age, little evidence of generalized aortic degeneration grossly, 
and rounded, saccular aneurysm during life, an infectious origin is strongly 
suggested. At variance with this is the diagram of the autopsy surgeon which 
shows essentially a fusiform aneurysm with generalized circumaortic laminations 
of clot. This discrepancy is only partly explained by the probable emptying and 
contraction of the sac after rupture. 


SUMMARY 


A description of an abdominal aortic aneurysm which ruptured into the 
jejunum is offered, notwithstanding its incompleteness, because of its infrequent 
occurrence. The etiology of this aneurysm is a matter of speculation, but in- 
fection is suggested. 

This report is made possible through the courtesy of Dr. Leon Kopecky, Chief of the Medical 
Service to which the patient was admitted; I am grateful, also, for his review of the paper and for 
his helpful suggestions. 
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Abstracts and Reviews 


Selected Abstracts 


Brown, G. L., Bulbring, E., and Burns, B. D.: The Action of Adrenaline on Mam- 
malian Skeletal Muscle. J. Physiol. 107:115 (Jan.), 1948. 


The experiments described by the authors are mainly concerned with clarification of the 
problem of the site of action of adrenaline with regard to the mammalian neuromuscular system. 
Using the isolated phrenic nerve-diaphragm preparation of the rat, and to a lesser extent, the 
tibialis anterior preparation of decerebrated cats, they found that the effect of adrenaline was 
primarily a direct one upon the muscle fiber and secondarily on the neuromuscular transmission. 

The precise mechanism whereby adrenaline exerts its action on muscle was not clarified. 
However, it was believed that some degree of fatigue was necessary before this substance could 
act. Adrenaline was found to cause an increase in the duration of the action potential of the 
muscle which ran parallel with the increase in tension. This response was felt to be due to a re- 
tardation of the spread of the excitation wave along the individual muscle fibers. 

ABRAMSON. 


Bourne, G.: Hypertension—<Aetiology and Surgical Treatment. Brit. M. J. 1:435 
(March 6), 1948. 


The author notes two different stages for the patient with hypertension. Patients in the 
first stage are usually under 50 years of age; their hypertension slowly increases, but is labile 
and easily affected by emotion and sedation, and there is no evidence of change in the kidneys. 
The second stage is characterized by arterial degeneration affecting various organs, especially 
the kidneys, and occurs early in those patients whose arterial structure is of poor quality. 

In each of the two stages the hypertension can be explained on the renin theory: the first 
is due to transitory cortical spasm, and the second is due to permanent cortical ischemia result- 
ing from arteriosclerosis. 

This author states that there is no hypertensive heart disease as such. The increased blood 
pressure causes only hypertrophy and medial coronary hypertrophy. The persistent health of 
the heart is amazing; possibly because (1) coronary flow is diastolic and is so protected against 
the full impact of the hypertensive wave and (2) possibly because the effect of renin is similar 
to adrenaline causing constriction of peripheral arterioles and dilatation of coronary vessels. The 
electrocardiogram in later stages shows a typical picture of left ventricular stress which may be 
due to some general functional change in the muscle as a whole rather than to local structural 
coronary abnormality. This stress pattern is reversible after sympathectomy and is often present 
in the absence of dyspnea or undue enlargement. 

The effect of sympathectomy varies from case to case. General experience seems to in- 
dicate that operation is most beneficial in patients under 40 vears of age with high diastolic 
pressures and comparatively small pulse pressures. By and large, patients over 50 years of age 
respond to the operation only for short periods and not to a great degree, although there are 
exceptions. There is no point in operating on early asymptomatic hypertensive patients in whom 
there is no demonstrable evidence of disease. Regeneration of sympathetic nerves may occur, 
making a second operation more difficult. 
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Observation of a patient with hypertension serves two purposes: it enables the physician to 
know the duration of the process and to detect the slightest evidence of progression. If pro- 
gression is observed the operation cannot be delayed too long. There is no clinical test to de- 
termine operability; each case must be settled on its individual merits. 

WAGNER. 


Jennings, G. H.: ‘**Temporal Arteritis.”” Some Aspects of Subacute Arteritis in Later 
Life. Brit. M. J. 1:443 (March 6), 1948. 


The authors report their clinical experience in four cases of temporal arteritis. They stress 
that this condition most often occurs in elderly women and causes severe protracted headaches 
in association with an acute inflammatory arteritis of the temporal and other vessels. The 
course is usually prolonged over months and possibly years, but generally responds favorably. 
Coal tar analgesics are helpful but narcotics are often required at night for sleep. Arterectomy 
was performed in two cases with questionable benefit. 

Comparison and differentiation from a clinical pathologic point of view is made between 
this entity, thromboangiitis obliterans, and periarteritis nodosa. 

WAGNER. 


Freidlich, A. J., Jr., Chapman, W. P., and Stanbury, J. B.: A Severe Reaction to Tetra- 
ethylammonium Chloride. New England J. Med. 238:629 (April 29), 1948. 


During a study of gastrointestinal motility, tetraethylammonium chloride was given to a 
small, emotionally unstable, normotensive, 37-year-old woman with evidence suggestive of the 
menopause and hypothyroidism. The patient experienced a reaction of such severity as to 
cause grave concern. 

Marked hyperventilation developed during the administration of 230 mg. at a rate of 100 
mg. per minute. At the conclusion of the injection, the blood pressure had fallen from 120/80 
to 75/55. Within thirty seconds she exhibited alarming respiratory distress. During the next 
thirty minutes she received repeated small injections of epinephrine, and oxygen was adminis- 
tered. She complained of inability to move her legs, and signs of tetany appeared. The pulse 
rate, which had remained below 100 during the early period of the reaction, rose to 140 and then 
to 190 per minute, at which time paroxysmal auricular tachycardia was diagnosed electrocardio- 
graphically. Glucose solution, plasma, and whole blood were administered during the following 
several hours. The heart rate reverted to normal after eighteen hours despite which hypotension 
persisted and was still present on the ninth day. By this time her general condition was suf- 
ficiently improved to permit her discharge from the hospital. 

The mechanisms involved in this unusual reaction to the drug were not clearly apparent. 

Kay. 


Dubow, E., and Solomon, N. H.: Salicylate Tolerance and Toxicity in Children. Pedia- 

trics 32:495 (April), 1948. 

This study was undertaken because of the difference of opinion regarding the incidence of 
toxicity and the dosage at which toxicity to salicylates manifests itself. A group of nineteen 
children between the ages of 8 months and 11 14 years were treated with varving dosage of sodium 
salicylate or acetylsalicylic acid, without alkali. Eleven had active rheumatic fever, and all 
but one were acutely ill. In addition to clinical observation, plasma salicylate levels, serum 
carbon dioxide content, and pH values were studied on alternate days. Coburn’s dosage of 
0.15 Gm. per kilogram of body weight was given to six children. Three received two separate 
courses, one of sodium salicylate and one of acetylsalicylic acid, two were given sodium salicy- 
late alone, and one was given acetylsalicylic acid alone. Five of the six children developed toxic 
manifestations consisting of hyperpnea, apathy, and lassitude; three manifested anorexia; two 
had tinnitus. The plasma salicylate level ranged between 32 and 41 mg. per 100 c.c. of blood. 
Because of the toxic manifestations, a dosage schedule of 0.10 Gm. per kilogram was tried in 
three patients, but the plasma level reached only 19 to 21 mg. per 100 c.c. of blood. An inter- 
mediate dose of 0.125 Gm. per kilogram was administered to seven children and salicylate levels 
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ranging from 30.9 to 39.4 mg. per 100 c.c. of blood were obtained, without toxic symptoms and 
with normal serum carbon dioxide content and pH values. This appears to be the optimum 
dosage and the investigation shows that dosage of the magnitude which Coburn gave to 
young adults is not feasible in children. 

The pH determination holds the key to proper therapy of salicylate intoxication. A low 
carbon dioxide content value is not necessarily an indication for the administration of alkali, 
for carbon dioxide may have been blown off during salicyl-initiated hyperpnea and the pH may 
be rising. This alkali therapy might push a transitory alkalosis to dangerous levels. 

JOHNSON. 


Schonbrunner, E.: Circulatory Disturbances of Central Origin in Recent Gunshot In- 
juries of Brain. Wien. med. Wchnschr. 96:162 (April 17), 1948. 


One hunared forty-seven soldiers with head injuries (eighteen extradural and 129 intradural 
injuries), who were hospitalized not later than two or three days after having been wounded, 
formed the basis of this study. 

In the group with extradural wounds, no circulatory disturbances were observed; the in- 
cidence of such disturbances, however, rose with the extent of brain injury, especially when it 
was located in the central part. In patients with uninjured vasomotor centers, three phases 
could be distinguished: a short, sympathicotonic phase, followed by a vagotonic phase of longer 
duration and, finally, by a normotonic phase. The systolic blood pressure rose in the first phase, 
but the diastolic pressure remained normal. The first two phases corresponded with the aseptic 
brain edema which accompanies all brain injuries. 

In 40 per cent of patients in this group, electrocardiographic changes were present, chiefly 
during the first few days. They bore no relation to the level of blood pressure or to the intensity 
of the sympathicotonic reaction. Premature contractions were encountered rarely. The princi- 
pal change consisted in a negative displacement of S-T, and in flattening, +diphasicity, or in- 
version of the T wave. These changes were doubtless due to anoxia produced by diffuse coronary 
insufficiency. Similar electrocardiographic changes accompany direct or indirect injuries to the 
brain stem and injuries associated with an increase in intracranial pressure. 

The possible causes of impaired circulation in brain injuries are discussed: irritation of both 
systems of heart nerves, increased hypophyseal secretion, secretion of a vasopressor substance 
by kidneys, adrenals, and brain tissue, and adrenalin or sympathin effect. The mesencephalon 
itself can be looked upon as a gland. It is feasible that the same factors which produce cerebral 
edema stimulate production of adrenalin-like substances. These may influence the blood 
pressure and the form of the electrocardiogram. The observations are considered an additional 
proof for the dependance of the heart and circulation upon the central nervous system. 


BRUMLIK,. 


Grimson, K. S., Reardon, M. J., Marzoni, F. A., and Hendrix, J. P.: The Effects of 
Priscol (2-Benzyl-4,5- Imidazoline HCl) on Peripheral Vascular Diseases, Hyper- 
tension and Circulation in Patients. Ann. Surg. 127:968 (May), 1948. 

The authors present their clinical results with Priscol, a drug which blocks sympathetic 
motor pathways apparently by acting at their termination in smooth muscle. Its therapeutic 
effect is shorter than that of Dibenamine, another adrenolytic and sympatholytic drug, but 
it has the advantage that it can be administered orally as well as intravenously, while Dibenamine 
can only be given through the latter route. 

Priscol was administered to patients with various types of peripheral vascular disorders. 
In the case of Raynaud’s disease, encouraging results were encountered. It is the authors’ 
opinion that unless evidence of toxicity or tolerance develops, continuous oral administration 
of Priscol is preferable to the use of sympathectomy. In other vasospastic and causalgic states, 
the results with the drug were also encouraging. In the case of organic arterial vascular disorders, 
such as thromboangiitis obliterans and arteriosclerosis obliterans, the findings were much more 
difficult to evaluate. The use of the drug in these conditions was limited to patients refusing 
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sympathectomy or to those with complications contraindicating this procedure. On the basis 

of the reported results, Priscol does not play an important role in the treatment of hypertension. 

The authors point out that, theoretically, harm might develop from the action of the drug 

on the coronary vessels in patients with coronary heart disease. Among the side effects, postural 

hypotension, a sensation of crawling in the skin, the development of ‘“‘goose flesh,’’ nausea, diz- 
ziness, sweating, congestion of the nose, and headache have been reported. 

ABRAMSON. 


Rosenthal, R.: A Diagnostic Sign for Anterior Tibial Vein Thrombosis. New York 
State J. Med. 48:1148 (May 15), 1948. 


The author describes a diagnostic sign of thrombosis of the anterior tibial vein. This con- 
sists of passively extending the foot 45 degrees or less, depending on the maximum painless mo- 
bility of the ankle joint, and if this elicits no pain, plantar flexing the toes while the foot is held 
in extension by the examiner's hand. In the presence of thrombosis of the anterior tibial vein, 
the maneuver produces pain lateral to the anterior crest of the tibia, generally at a point three 
inches above the distal end of the tibia where the position of the anterior tibial vein is most 
superficial in its course. The procedure produces maximum compression of the vein at this 
point. 

The author calls attention to the fact that the entity of anterior tibial vein thrombosis has 
been neglected in the present-day teachings on the subject of thrombosis of deep veins of the 
legs. The ‘‘foot extension’’ sign may be of value in the elucidation of this problem, but further 
clinical experience is necessary for the evaluation of the test. 

ABRAMSON. 


Massell, T. B., and Ettinger, J.: Phlebography in the Localization of Incompetent 
Communicating Veins in Patients With Varicose Veins. Ann. Surg. 127:1217 (June), 
1948. 


In view of the fact that the usual tourniquet examination may not always bring out the 
presence of all incompetent ‘communicating veins, the authors supplemented their studies in 
patients with varicose veins with the use of phlebograms. Three tourniquets were placed, re- 
spectively, just above the malleoli, a few centimeters above the femoral condyles, and as high 
as possible on the thigh. The pressure utilized was sufficient to hinder but not completely to 
obstruct the flow of blood through the deep veins. Diodrast was then injected into the deep 
venous system through one of the superficial veins on the dorsum of the foot. After roentgeno- 
grams were taken of the leg, the tourniquets on the ankle and low thigh were released and x-ray 
films of the thigh were obtained. 

Two possible sources of error with this method were found to be incomplete filling of the 
deep veins, thus resulting in nonvisualization of incompetent communicating veins, and the 
simulation of perforating or communicating veins by superficial veins which had been filled from 
an incompetent communicator above or below the site of examination. The authors found that 
neither the tourniquet examination nor phlebography correlated completely with the operative 
findings. However, the results of roentgen ray localization were confirmed by surgery in 86 
per cent of cases, while in the case of the tourniquet tests alone, this was only 54 per cent. 

The rationale for the use of phlebography, along with the application of tourniquets at 
three levels consists of the following: The tourniquet above the malleoli blocks the superficial 
venous channels, forcing the injected material into the deep veins. In the absence of obstruction 
in the deep venous systems, the opaque material does not return to the superficial veins. How- 
ever, the two tourniquets on the thigh provide enough obstruction to normal flow to cause the 
Diodrast to pass backward through any existing incompetent communicating veins to the super- 
ficial system, thus locating them. In an extremity with competent valves in the communicating 
veins, the opaque medium forces its way under the tourniquets instead of through the competent 


vessels. 
On the basis of their findings, the authors conclude that phlebography appears to offer a 
more accurate method than clinical examination for the detection and localization of incom- 
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petent communicating veins. It is particularly useful for mapping out lateral communicators 
which cannot otherwise be detected. 
ABRAMSON. 


Kimmelstiel, P.: Vascular Occlusion and Ischemic Infarction in Sicle Cell Disease. 
Am. J. M. Sc. 216:11 (July), 1948. 


Most writers on the subject of sickle-cell disease have held to the concept that the abnormal 
shape of the sickled erythrocyte is responsible for the stasis of blood flow in capillaries and that 
this, in turn, results in thrombosis and subsequent infarction. The author had the opportunity 
to study an example of this disease in which cholecystectomy, performed during a crisis, had 
resulted in death. Multiple large foci of ischemic necrosis were observed in inner organs. The 
changes in the brain resembled those of Schilder’s encephalitis, those in the liver simulated the 
changes in eclampsia, and those in the kidneys, bilateral cortical necrosis. No organic changes 
in the vascular tree were observed. Thrombi, in particular, were absent. A review of the litera- 
ture, in contrast to the current opinion, revealed the inconsistency of vascular changes and 
thromboses and the lack of correlation between parenchymatous necroses and mechanical vas- 
cular occlusions. 

In order to explain the frequent reports of ischemic infarctions without vascular thrombosis, 
as well as the cases in which thrombi have been found, an hypothesis is presented which provides 
a plausible explanation. The crisis may be initiated by various factors which produce a de- 
crease of oxygen in the peripheral blood. It is characterized by rapid blood destruction and an 
obviously mounting diminution of the oxygen-carrying capacity of the red blood cells. Periph- 
eral vascular spasms may at least temporarily maintain normal blood pressure (preshock), but 
they also increase tissue anoxia and lead to further sickling and to the introduction of a vicious 
cycle. The peripheral vascular spasm may lead directly to ischemic necrosis in inner organs or 
may be followed by capillary dilatation or stasis. During this phase of failure of peripheral 
circulation the capillaries are “‘engorged’’ and ‘‘packed”’ with sickle cells. This phenomenon is 
regarded as a result rather than as the cause of capillary stasis. Local ischemia of tissue and 
capillary walls may produce organic damage to the vessel walls, degenerative changes, and throm- 
bosis resulting in added superimposed infarctions. 

DURANT. 


Green, R., and Saphir, O.: Ecchymosis of the Abdominal Wall as an Early Diagnostic 
Sign of Dissecting Aneurysm of the Aorta. Am. J. M. Sc. 216:24 (July), 1948. 


In a case of dissecting aneurysm of the aorta, an unusual sign heretofore undescribed was 
present. The immediate clinical picture was one of left iliac embolism, and surgical intervention 
was entertained. However, by virtue of an area of ecchymosis in the skin of the lower abdomen, 
it was felt that what first appeared to be a left iliac obstruction was merely a part of a more ex- 
tensive process, and that the patient had a dissecting aneurysm, involving, among other vessels, 
the external iliacs, and extending on through the deep inferior epigastric arteries. Surgical in- 
tervention, thus, was obviously not undertaken. Autopsy revealed the anticipated invalve- 


ment. 
DURANT. 


Morrison, L. M., Hall, L., and Chaney, A. L.: Cholesterol Metabolism: Blood Serum 
Cholesterol and Ester Levels in 200 Cases of Acute Coronary Thrombosis. Am. J. M. 
Sc. 216:32 (July), 1948. 


In view of the conflicting views regarding the presence of hypercholesterolemia in coronary 
artery disease, the authors examined a series of 200 unselected cases of acute coronary throm- 
bosis, using a modification of the Sperry-Schoenheimer method for both cholesterol and choles- 
terol ester determinations. Controls were obtained by the study of thirty normal subjects and 
thirty-six subjects having a wide variety of diseases. Blood cholesterol levels were taken within 
forty-eight hours of admission to the hospital and were followed in a large percentage of cases 
by several subsequent determinations at two- to six-week intervals. 
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The distribution of cholesterol values for the series of patients with coronary occlusion was 
found to be distinctly abnormal. It was such as to indicate a division of the cases into two dis- 
tinct categories: those in which the cholesterol values were distributed in a normal manner, and 
an additional class in which the cholesterol concentration was distinctly elevated. It is con- 
cluded from these results that high cholesterol values may be an etiological factor in many cases 
of coronary occlusion, but other cases occur in which it would appear that cholesterol metabolism 
may not be involved. 

When the results in the patients with coronary occlusion were correlated with the age of the 
patients, it was found that 68 per cent of seventy-five patients under 60 years of age had hyper- 
cholesterolemia, and only 52 per cent of 125 over 60 years of age had this finding. The inference 
suggested is that hypercholesterolemia tends to bring on atherosclerotic disease at an earlier 
age that it would appear in persons having a lower blood cholesterol level. 

It was found that the distribution of cholesterol between the free and ester form was not 
markedly changed in the patients studied. It does not appear, therefore, that the mechanism 
for esterification of cholseterol is involved in this disease entity. 

DURANT. 


Spatt, S. D., and Grayzel, D. M.: Pheochromocytoma of the Adrenal Medulla. A 
Clinicopathological Study of Five Cases. Am. J. M. Sc. 216:39 (July), 1948. 


A series of five cases of adrenal pheochromocytoma is presented as providing examples of 
the various clinical types of this tumor. One patient had a malignant type with metastases. 
In two subjects the tumor was benign and associated with hypertension, paroxysmal in one, 
sustained in the other. In the two other patients the tumor was also benign but was associated 
with no signs or symptoms, being an accidental finding at autopsy. 

The malignant variety is exceedingly rare, the casé in this series being the ninth on record 
and the only one with metastasis to the brain. Ante-mortem diagnosis and treatment of the 
malignant lesions give little promise of improvement, since the earliest signs are usually those of 
metastatic involvement. Moreover, the presence of metastases is the only reliable criterion of 
malignancy since the histologic structure of the benign and malignant tumors is similar. The 
absence of hypertension is unexplained. Perhaps the malignant cells lose the property of secret- 
ing “the pressor substance.”” [t was noted that the affinity of the primary and metastatic lesions 
for chrome salts was just as great as in the benign tumors. 

The benign pheochromocytoma with paroxysmal hypertension is well reccgnized today. 
However, in the group with sustained hypertension, great room for improvement in diagnosis 
exists. In these latter cases the diagnosis must always be kept in mind and definite effort made 
to rule it in or out. The use of the Roth-Kvale histamine test or the benzodioxane test of Golden- 
berg and associates may be important in this respect. 

The benign pheochromocytomas without clinical signs or symptoms have little or no diag- 
nostic significance at present. However, the presence of hypertension in some patients with 
benign tumors and its absence in others with the same lesion is unexplained. There is some 
indication from the comparative ages of these patients that these symptomless lesions are not 
precursors of the symptomatic ones. Moreover, the size of the tumor in the patient with sus- 
tained hypertension was approximately the same as that of the tumors in the two patients with 
benign tumors without hypertension, so that the presence of symptoms does not seem to depend 
on the size of the lesion. 

DURANT. 


Welch, K. J., and Kinney, T. D.: The Effect of Patent Ductus Arteriosus and of In- 
terauricular and Interventricular Septal Defects on the Development of Pulmo- 
nary Vascular Lesions. Am. J. Path. 24:729 (July), 1948. 


The authors emphasize the desirability of study of the pulmonary vessels in congenital 
heart disease with left-to-right shunt congenital heart disease, in view of the new surgical pro- 
cedure wherein a systemic vessel is anastomosed to the pulmonary artery. They chose cases of 
clinical significance and excluded those complicated by multiple defects. Three main groups 
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of left-to-right shunt type were studied, namely: (1) patent ductus arteriosus, (2) interauric- 
ular septal defect, and (3) interventricular septal defect. Control groups of ten cases from each 
of the first seven decades of life were studied for comparison, and in these controls chronic pul- 
monary and cardiopulmonary disease were excluded. 


Gross descriptions were studied in conjunction with microscopic studies of the pulmonary ar- 
terial branches, separated, on the basis of diameter dimension, into four groups. The lesions 
used as criter.. for advancing disease were (1) intimal proliferation, (2) hyalin thickening of 
the subendothelial tissue, and (3) medial thickening. 

The lesions that were noted were those of atherosclerosis. The changes seen in conjunction 
with rheumatic fever and rheumatic heart disease were not found. In occasional cases of septal 
defect complicated by mitral stenosis (Lutembacher syndrome), there was only earlier and more 
intensive pulmonary atherosclerosis. In one case of interventricular septal defect, unusual 
pulmonary atherosclerosis was noted. 


The authors state that in this type of congenital heart disease, pulmonary vascular lesions 
are no greater than those found in control subjects of comparable ages; also, that the pulmonary 
vascular lesions noted in occasional cases in this group study had, as a common factor, clinical 
evidence of marked increase in the pulmonary blood flow. 

GOULEY. 


Kleitman, N., and Ramsoroop, A.: Periodicity in Body Temperature and Heart Rate. 

Endocrinology 43:1 (july), 1948. 

Basal, evening, or mean daily mouth temperatures exhibit a single wave during each men- 
strual cycle, while the heart rate shows two waves. The crossing of the ascending body tem- 
perature and the descending heart rate curves permits a more exact determination of the oc- 
currence of ovulation than does body temperature alone. Both body temperature and heart 
rate are higher in pregnancy and lower in lactation than during the menstrual cycle. Adminis- 
tration of dessicated thyroid raises the body temperature and heart rate in a manner that allows 
these variables to be used as an index of changes in basal metabolism. When the body temper- 
ature and heart tate vary in a parallel fashion, a rise of 1° F. in the former entails an increase of 
10 to 20 beats a minute in the latter. 


All the data point to an individual characteristic level of body temperature and heart rate 
and the authors agree with the statement that ‘each human being has a metabolic pattern that 


differs in some respects from that of all his fellows.” 
WAIFE. 


Selye, H., and Stone, H.: Influence of the Diet Upon the Nephrosclerosis, Periarteritis 
Nodosa and Cardiac Lesions Produced by the “Endocrine Kidney.”’ Endocrinology 
43:21 (July), 1948. 


Rats were subjected to an operation in which the blood pressure in one kidney was reduced 
to the level of the oncotic pressure. Under these conditions, urine is not produced, and the 
kidney becomes a purely ‘‘endocrine’”’ organ. 

A pronounced and fatal hypertension results, and nephrosclerotic lesions are found in the 
other kidney. Periarteritis nodosa and myocarditis also are seen. These morphologic changes 
are uninfluenced by the salt and protein intake. When these same lesions are produced by 
desoxycorticosterone or anterior pituitary extracts, the sodium intake directly determines the 
extent of the tissue changes. A high-protein diet aggravates these lesions when caused by stress 
or anterior pituitary extracts. 

The authors conclude that the secretion and action of renal pressure hormones are unin- 


fluenced by the sodium or protein intake. 
WAIFE. 
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Anderson, H. C., Kunkel, H. G., and McCarty, M.: Quantitative Antistreptokinase 
Studies in Patients Infected With Group A Hemolytic Streptococci: A Com- 
parison With Serum Antistreptolysin and Gamma Globulin Levels With Special 
Reference to the Occurrence of Rheumatic Fever. J. Clin. Investigation 27:425 (July), 
1948. 

Streptokinase (fiberinolysin), produced by streptococci, activates a serum proteinase 
(plasminogen) into an active enzyme (plasmin) which liquefies human fibrin clots. Quantitative 
antistreptokinase determinations were carried out serially on serum from patients during an 
epidemic of scarlet fever, including those who developed rheumatic fever. The development of 
the rheumatic states, following Group A hemolytic streptococcal infection, is characterized by 
a pattern of antibody response to antistreptokinase which is similar to the response to other 
antigenic stimuli. Even at the onset of the streptococcal infection, those patients who later 
developed rheumatic fever had, on the average, higher antibody titers and gamma globulin levels 
than those who did not develop rheumatic fever. 

It is suggested that the presence of two or more titers of streptococci during an infection 
evokes a greater antibody response than the presence of only a single type. 

Early penicillin treatment, which removed the infecting organism promptly from the naso- 
pharynx, either prevented or greatly decreased the antibody response to streptokinase and 
streptolysin O. No effect was noted on the total antibody response as measured by serum 
gamma globulin. 

On the average, those who developed rheumatic fever as a sequela to a streptococcal in- 
fection had a greater antibody response than those who did not. 

WAIFE. 


Macht, M. B.: The Effects of Various Amino Acids on Peripheral Blood Flow and Skin 
Temperature. J. Clin. Investigation 27:454 (July), 1948. 


The author studied quantitatively the increase in peripheral blood flow and skin tempera- 
ture following oral administration of certain amino acids in normal young men. Five of the 
seven amino acids (glycine, phenylalanine, tyrosine, glutanic acid, and leucine) possessed a high 
specific dynamic action; but no consistent quantitative relationship was noted between total 
oxygen consumption on the one hand and skin temperature or peripheral blood flow on the other. 

At an environmental temperature of 24° C., glycine caused a significant rise in blood flow 
and skin temperature of the hand; these effects were first noted at 80 minutes and were maximal 
at 180 minutes after ingestion. No significant changes were noted in the skin temperatures of 
the trunk, forearm, or thigh, or in the rectal temperatures. Glycine produced no significant 
changes in skin or rectal temperatures or blood flow at cool (18° C.) and warm (30° C.) tem- 
peratures. 

At 24? C.dl- phenylalanine had essentially the same effect as glycine, while / (+) - histidine 
had a very feeble effect. Glutanic acid, leucine, and methionine had no effect on temperatures 
or peripheral blood flow. Glycine is of little therapeutic value as a vasodilating agent. 

WAIFE. 


Kety, S. S., Hafkenschiel, J. H., Jeffers, W. A.. Leopold, I. H., and Shenkin, H. A.: 
The Blood Flow, Vascular Resistance and Oxygen Consumption of the Brain in 
Essential Hypertension. J. Clin. Investigation 27:454 (July), 1948. 


Thirteen uncomplicated cases of essential hypertension were studied. Cerebral blood flow 
(nitrous exide method), oxygen consumption, and cerebrovascular resistance were determined 
by the Schmidt-Kety technique. 

Cerebral blood flow and oxygen consumption were normal. There was a consistent eleva- 
tion of the cerebrovascular resistance which is a measure of the tone of cerebral vessels. This 
value is obtained by dividing the cerebral blood flow into the mean arterial pressure. This in- 
crease in resistance averaged 88 per cent and was roughly correlated with the degree of retin- 


opathy. 
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The brain shares in equal measure the generalized increase in vascular tone which is asso- 
ciated with hypertension. 
WAIFE. 


Quinn, R. W.: Antihyaluronidase Studies of Sera From Patients With Rheumatic 
Fever, Streptococcal Infections, and Miscellaneous Non-Streptococcal Diseases. 
J. Clin. Investigation 27:471 (July), 1948. 


The author determined antihyaluronidase titers of sera from patients with rheumatic fever, 
other streptococcal infections, and miscellaneous diseases. The technique used was a mucin-clot 
prevention test in which the serum rather than the enzyme is the variable factor. 

The highest mean antihyaluronidase titers were found in patients with active acute rheu- 
matic fever, all of whom, incidentally, were receiving salicylates. The next highest titers were 
found in patients with subsiding rheumatic fever. The titers were lower in normal subjects or 
patients with miscellaneous diseases, such as tuberculosis, pneumonia, and urethritis, or with 
other hemolytic streptococcal infections. 

WAIFE. 


Wegria, R., Fischel, E. E., and Wilson, P. E.: Succinate Therapy in Rheumatic Fever. 
New England J. Med. 239:117 (July 22), 1948. 


Case histories of ten patients with acute rheumatic fever are presented. Each was given 
Subenon (a succinic acid derivative) in doses of 3.6 to 7.2 Gm. daily for fifteen to forty-six days. 
None of the analgesic or antipyretic properties of salicylate were observed. It did not prevent, 
as salicylate usually does, the involvement of additional points. Evidences of pericarditis and 
myocarditis were observed to progress during the therapy. The authors considered the results 


sufficiently unsatisfactory so that further trial of the drug was abandoned. 
Kay. 


Ludden, T. E., and Edwards, J. E.: Carditis in Poliomyelitis: An Anatomic Investi- 
gation of 35 Cases and Review of the Literature. Proc. Staff Meet., Mayo Clin. 23:379 
(Aug. 4), 1948. 


In addition to a review of the literature, this investigation consisted of the histologic 
study of six sections taken from each of thirty-five hearts obtained at necropsies performed be- 
tween 1925 and 1946. Myocarditis was demonstrated in fourteen of the thirty-five cases. Lesions 
were described as severe (six cases), moderately severe (four cases), minimal (three cases), and 
healed (one case). Three of these cases also presented unusual lesions, including perforation of 
the myocardium of the right atrium, vegetative mitral endocarditis, and vegetative endarteritis 
of a patent ductus arteriosus. 

To these investigators it seems probable that the lesions observed were caused by the same 
virus which caused the poliomyelitis. Disregarding this assumption, it is still apparent that 
myocarditis, as well as other significant cardiovascular lesions, may occur frequently in cases of 
poliomyelitis. 

ARKLESS. 


Leighton, R.S.: Calcification of the Ascending Aorta as a Sign of Syphilitic Aortitis. 

Radiology 51:257 (Aug.), 1948. 

The object of this study was to correlate the association of syphilitic aortitis and calcification 
of the aorta and to evaluate its significance. 

The author divided his material into three groups. Group I consisted of all cases of syphi- 
litic aortitis, proved at autopsy, in which chest roentgenograms were available. Of the eighteen 
cases studied, nine (50 per cent) showed calcification of the ascending aorta (80 per cent had a 
positive Wassermann). In the series of Jackson and Leibert in which a similar correlation was 
made, 22.7 per cent (fifteen of fifty-one cases) showed calcification of the ascending aorta. Group 
II consisted of all cases of clinically diagnosed syphilitic aortitis with available chest reontgeno- 
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grams. Of the thirty-seven cases studied, seventeen (43 per cent) showed calcification of the 
ascending aorta (66 per cent had a positive Wassermann). Group III was made up of consecu- 
tive cases in which calcification of the ascending aorta was demonstrated on routine chest x-ray 
examinations. Twenty-one such cases were found; thirteen (62 per cent) were associated with 
a positive Wassermann. Four of the thirteen (30 per cent) had other findings warranting a clini- 
cal diagnosis of syphilitic aortitis. 

The author feels that his findings are confirmatory of Jackson and Leibert’s contention 
(1945) that the presence of calcification of the ascending aorta is valuable as a diagnostic aid of 


syphilitic aortitis, but the absence of calcification does not rule out syphilis. 
ZION. 


Freedberg, A. S., Blumgart, H. L., Zoll, P. M., and Schlesinger, M. J.: Coronary Fail- 
ure: The Clinical Syndrome of Cardiac Pain Intermediate Between Angina Pec- 
toris and Acute Myocardial Infarction. J. A. M. A. 138:107 (Sept. 11), 1948. 


In the gamut of cardiac pain, there is a spectrumlike gradation of cases of prolonged myo- 
cardial ischemia bridging the extremes of the temporary reversible myocardial ischemia of angina 
pectoris and the irreversible necrosis of acute myocardial infarction. This intermediate cate- 
gory, referred to by the authors as “coronary failure,” is delineated clinically and pathologically 
in this paper with the aid of several illustrative case reports. 

Attacks of coronary failure may be precipitated by the increased demands on the heart 
incident to emotion, effort, and paroxysmal arrhythmias, and by the decreased coronary blood 
flow consequent to the hypotension of shock, dehydration, infection, or hemorrhage and that 
resulting from acute coronary narrowing or occlusion. The physiopathologic mechanism of the 
attacks is prolonged, but irreversible myocardial ischemia, extensive fibrosis, or myocardial 
necrosis are absent on pathologic study. 

Clincially, coronary failure is characterized by cardiac pain which is more intense and more 
prolonged than that of angina pectoris and which does not respond to glyceryl trinitrate. Evi- 
dences of shock or pulmonary congestion, so often seen in acute myocardial infarction, are un- 
usual. Fever and leucocytosis are absent, and the sedimentation rate is usually within normal 
limits, although, as in some anginal attacks, the sedimentation rate may be slightly elevated. 
Electrocardiographic changes are absent or, when present, transient in nature, reversion to the 
previous base line pattern occurring in a matter of hours. The progressive evolution of electro- 
cardiographic patterns typical of myocardial infarction is not seen in these cases. 

The importance of correctly differentiating an attack of coronary failure from an episode of 
angina pectoris, on the one hand, and an acute infarction, on the other, lies in the therapeutic 
measures to be taken and in the prognostic implications. Coronary failure is often a forerunner 
of acute infarction. Patients with coronary failure deserve a greater degree of limitation of their 
activities and closer observation than those with angina pectoris, but the prolonged bed rest 
necessary in cases of myocardial infarction is not indicated. 

HANNO. 


Simon, S.: Sudden Death Following Intravenous Administration of ‘*Diodrast.”’ 

J. A. M. A. 138:127 (Sept. 11), 1948. 

A 23-year-old white man, previously in good health and with no allergic history, developed 
hematuria following an automobile accident. In order to ascertain the possible existence of a 
gross traumatic renal lesion, intravenous pyelography was performed. Twenty-five cubic centi- 
meters of a 35 per cent aqueous Diodrast solution was slowly administered by vein 
over a period of five minutes, apparently without any preceding testing for sensitivity to Dio- 
drast. Approximately three minutes after the completion of the injection, the patient began 
to vomit and felt “numb all over."". The pulse became rapid and thready and cyanosis occurred. 
Despite the use of oxygen, epinephrine, and nikethamide, the shock became more profound and 
the patient died twenty minutes after the Diodrast injection. Necropsy revealed congestion 
and edema of all the viscera with scattered subpleural petechial hemorrhages of the lungs and 
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multiple small petechial hemorrhages of the cerebral white matter. The heart was normal. 
It was felt that the fatality was allergic in origin. 

Precautionary measures suggested by the author in order to prevent fatalities from Diodrast 
include careful questioning of the patient for previous allergic manifestations, the use of sensi- 
tivity tests (oral, intradermal, ocular), and slow, cautious administration of the drug, the in- 
jection to be discontinued if nausea, vomiting, or respiratory distress occurs. The author does 
not perform intravenous pyelography if there is a definite history of allergy or if one of the 
sensitivity tests is positive. He feelsalso that the danger of a reaction is increased in patients with 
nitrogen retention and jaundice. 

HANNO. 


Meyer, K., and Ragan, C.: The Antirheumatic Effect of Sodium Gentisate. Science 

108:281 (Sept. 10), 1948. 

The biological oxidation product of salicylate, gentisic acid, has a high hyaluronidase in- 
hibiting action in vitro. 

In five patients with acute rheumatic fever, administration of sodium gentisate in doses 
comparable to salicylate was followed by prompt alleviation of symptoms. The temperature 
fell to normal, as did the sedimentation rate. There was disappearance of pain, swelling, and 
tenderness in the inflamed joints. Withdrawal of the drug led to the return of acute symptoms 
which were again controlled by gentisate. No changes in prothrombin time, tinnitus, or other 
significant untoward symptoms were noted. The drug appears to be rapidly oxidized in the body 
and is not excreted with glucuronic acid as is salicylate. 

Sodium gentisate has an antirheumatic activity at least equal to salicylate and is somewhat 
better tolerated. It is suggested that the antirheumatic action of salicylate is due to its oxidation 


product, gentisate. 
WAIFE. 


Horan, M. J. © ad Barnes, A. R.: Caleareous Aortic Stenosis and Coronary Artery Dis- 

ease. Am. }. M. Sc. 215:451 (April), 1948. 

A study of 100 cases of calcareous aortic stenosis is presented with particular reference to the 
degree of associated corenary sclerosis and the incidence of clinical symptoms and signs. 

Some degree of coronary sclerosis was present in every case and this degree was found to be, 
in a measure, inversely proportional to the degree of aortic stenosis. The anginal type of pain 
which occurred in twenty-eight cases was fairly uniformly distributed not only with reference to 
the various grades of stenosis but also with reference to the various age groups. The fact that ten 
cases of angina pectoris occurred in association with the less severe grades of coronary sclerosis 
(but more severe grades of aortic stenosis) and that eighteen cases of angina occurred in association 
with the more severe grades of coronary sclerosis (but less severe grades of aortic stenosis) sug- 
gest that the degree of coronary sclerosis does not explain all of the mechanisms operating in the 
anginal syndrome. 

Hypertension may occur in calcareous aortic stenosis with the same frequency as it does in 
other organic heart diseases. In this series the incidence was 29 per cent; eight of these patients 
had Grade 1 stenosis of the aortic valve; nine, Grade 2; eight, Grade 3; and four, Grade 4. The 
most common clinical symptom was found to be dyspnea, which occurred in 69 per cent of the 
cases. Infarction of the myocardium was exhibited in 20 per cent. Sudden death occurred in 


18 per cent. DURANT. 


Nylin, G., and Levander, M.: Studies on the Circulaticn With the Aid of Tagged Ery- 
throcytes in a Case of Orthostatic Hypotension (Asympathicotonic Hypotension). 
Ann. Int. Med. 28:723 (April), 1948. 

A case of Parkinson’s disease complicated by postural hypotension is presented and the 
literature relating to orthostatic syncope is reviewed. The authors propose that two main sub- 
divisions of this disorder be differentiated in the light of our present understanding concerning 
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the adaptive mechanisms which operate to maintain circulatory equilibrium when the position 
of the body is altered. 

Sympatheticotonic orthostatic syncope is considered to be that functional disorganization of 
the circulation which results from the presence of cardiac acceleration when the upright posture 
is assumed, even though the original diastolic pressure is sustained. In this variety, the syncope 
is ascribed primarily to an abnormal degree of pooling of blood in the peripheral venous channels, 
thus interfering with normal venous return and thereby causing a reduction of cardiac output 
below that level which would be adequate for the maintenance of normal cerebral blood flow. This 
is the type which supposedly occurs in those convalescing from an illness which had confined them 
to bed for a prolonged period of time. In this form, the Trendelenberg position should result in a 
fall in pulse rate, dilatation of the surface and splanchnic vessels, and a drop in blood pressure 
akin to that which is observed in normal individuals inasmuch as these effects are dependent on 
vagal reflexes which are stimulated through normally intact pressoreceptors in the aorta and 
carotid sinus. 

Asympatheticotonic orthostatic syncope is characterized by a failure of the normal adaptive 
reflexes to operate, thus accounting for the marked drop in both diastolic and systolic pressures 
and the absence of cardiac acceleration which are the usual features in the classical cases of pos- 
tural hypotension. ‘This variety is considered to be a clinical expression of a vegetative disorder 
which results from organic lesions of the central nervous system so situated as to interfere with 
the reflex splanchnic constriction and cardiac acceleration normally excited Ly the vertical stance. 
A fall of the pulse rate, dilatation of the surface and splanchnic vessels, and a drop in blood pres- 
sure do not occur in asympatheticotonic orthostatic disturbances in the Trendelenberg position 
presumably because the reflex mechanism which is responsible for vagal augmentation is equally 
defective in these cases. This latter observation serves to explain the failure of atropine to affect 
the blood pressure in the case of asympatheticotonic orthostatic syncope reported by the authors 
in this paper. Studies in this same patient with the aid of labeled corpuscles indicated to the 
authors that in this form of hypotension the circulation in the erect posture, particularly in the 
lower part of the body, is much slower than in normal subjects. This reduction in blood velocity 
is considered to be secondary to the faulty reflex mechanism which ordinarily regulates pulse rate 
and blood pressure following ‘positional change. WENDKOs. 


Peet, M. M., and Isberg, E. M.: The Problem of Malignant Hypertension and Its Treat- 
ment by Splanchnic Resection. Ann. Int. Med. 28:755 (April), 1948. 


This paper represents the results of a follow-up study of 143 patients who had been subjected 
to bilateral resection of the splanchnic nerves and excision of the eighth, ninth, tenth, eleventh, 
and twelfth thoracic svmpathetic ganglia because of malignant hypertension. The preoperative 
illness in each case was characterized by a rapidly progressive, deteriorating clinical course of 
recent onset, severe neuroretinitis with definite papilledema of one diopter or more, high diastolic 
blood pressure, and evidences of constitutional involvement. Thirty-one of this number survived 
for five years or more and twenty-three lived more than five years following the operation. Before 
operation, 76 per cent had diastolic blood pressure levels of 140 mm. or higher and 31 per cent had 
diastolic levels above 155 mm. of mercury. 

Of twenty-one living patients who survived five years and more after splanchnic resection, 
four were maintaining blood pressure levels below 140 mm. systolic and 90 mm. diastolic, and, in 
seven patients, the blood pressure had been markedly reduced by 80 mm. or more systolic and 
25 mm. or more diastolic from the preoperative levels. There was no significant reduction or an in- 
crease in blood pressure in five cases. Congestive heart failure which required digitalization before 
operation existed in sixteen patients; of this number, two survived five postoperative years and 
both died during their sixth postoperative year. Six patients who had sustained cerebral accidents 
prior to splanchnicectomy were still living and had suffered no recurrent cerebrovascular episode. 
The operative mortality of the entire group with malignant hypertension, subjected to splanchnic 
resection, was 10 per cent. Of thirteen patients whose electrocardiogram and heart size pre- 
operatively were not significantly abnormal, eleven were living five to twelve vears after operation. 
Of those whose electrocardiograms were abnormal, there was an improvement in the electrocardio- 
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gram and a decrease in heart size in a few patients who survived five years or more. The outlook, 

so far as survival or improvement is concerned, is not good in those patients in whom kidney func- 

tion is moderately or markedly impaired, prior to splanchnic resection. This study again empha- 

sizes the need for early diagnosis and proper selection of cases, if operative interference is to 

prove beneficial. WENDKOs. 

Burrage, W. C., and Halsted, J. A.: Adrenal Medullary Tumor (Pheochromocytoma); 
Case Report With Successful Operation. Ann. Int. Med. 28:838 (April), 1948. 


Following an injection of histamine phosphate during a routine gastric analysis, an unexpected 
precipitous and extreme elevation of the blood pressure developed in a 32-year-old paratrooper. 
He gave a history of recurrent bouts of pulsating occipital headaches, dyspnea, sweating, and 
nervousness of short duration for several months preceding this test. A similar type of hyper- 
tensive crisis associated with a profound hypoglycemic reaction resulted from the injection of 
insulin. X-ray studies following the perirenal insufflation of air revealed the presence of a rounded, 
smooth tumor mass lying just anterior to the upper pole of the left kidney. Excision of the tumor 
was accomplished without any untoward operative or postoperative complications. Histologic 
study of the tissue established the diagnosis of benign pheochromocytoma. No assay for adrenalin 
content or pressor substance was made. Included in this report is a complete review of the litera- 
ture pertaining to the diagnosis and treatment of adrenal pheochromocytoma. Special emphasis 
is placed on the diagnostic value of the pressor response evoked by an injection of relatively small 
amounts of histamine in this condition. WENDKOs. 


Ellwood, W. W.: Friedreich’s Ataxia With Unusual Heart Complications. California 
Med. 68:296 (April), 1948. 


The author presents two patients with Friedreich's ataxia who died in their twenties as a 
result of cardiovascular complications. The first case was that of a woman, 27 years of age, whose 
death resulted from myocardial infarction. The course was atypical and the diagnosis was not 
made ante mortem. The second case was that of a man, 23 years of age, who developed bouts of 
auricular tachycardia, ventricular tachycardia, and auricular fibrillation for nine days preceding 
his death from congestive heart failure. The author points out that death from cardiac complica- 
tions may occur at an early age in patients with Friedreich's ataxia. KLINE. 


Summers, V. K.: Treatment of Angina of Effort With Androgens. Lancet 1:519 (April 

3), 1948. 

Sixty-seven cases, fifty-eight men and nine women, with a classical history of angina, were 
selected for observation. All therapy was stopped before the institution of testosterone therapy. 
All patients received a standard course of treatment which consisted of injections of testosterone 
propionate, 25 mg., three times weekly for six weeks. A control group of twelve patients was 
given injections of sesame oil. The patients’ ages varied from 43 to 74 years, and the duration 
of the disease varied from three months to three and one-half years. All of the patients were 
observed for six months, forty-four of them for twelve to eighteen months. 

No quick response to testosterone therapy was observed in any of the cases. Usually about 
eight to ten injections had been given before improvement was noted. Nine patients noted con- 
siderable improvement in the frequency and the severity of the anginal attacks and in the exer- 
cise tolerance at the end of treatment. This improvement, however, was short lived, the condi- 
tion reverting within a few months to that which had been present before treatment was begun. 
Thirty-four other patients reported improvement to a lesser degree. No improvement was re- 
ported by any of the remaining twenty-four patients. Of the control group of twelve patients 
treated with sesame oil, five reported improvement. 

Testosterone therapy had no effect on the height of the blood pressure, the electrocardiogram, 
or heart size ot the patients studied. KLINE. 
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DR. ROBERT BRUCE PREBLE 
Dr. Robert Bruce Preble, who died July 26, 1948, at the age of 82, was one of the original 
signers of the Articles of Incorporation of the American Heart Association. He was also a charter 
member of the Chicago Heart Association, ever active in its affairs, its President (1926-1935), 
and an Honorary President at the time of his death. 
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Dr. James B. Herrick of Chicago, in paying tribute to him, wrote: ‘Dr. Preble was more 
than a ‘heart specialist.’ He was one of Chicago’s leading internists. He was unusually well 
prepared for this position. He had a degree in arts from Michigan, in medicine from North- 
western; he had interned at the Cook County Hospital and studied abroad. He became a stimu- 
lating teacher in college and hospital and was frequently called as consultant by his colleagues. 
He was known for his outspoken expression of opinion and for his sterling honesty, both intel- 
lectual and ethical. One who knew him intimately says his outstanding characteristic was his 
‘earnest striving for rectitude not only toward others but with himself.’ This attitude was some- 
times mistakenly attributed to an innate cynicism.” 


NATIONAL HEART INSTITUTE PLANS 


Plans for the recently created National Heart Institute of the United States Public Health 
Service were described in a statement by Dr. C. J. Van Slyke, Director of the Institute, which 
was read before the National Conference of Executive Secretaries of local heart associations 
held in New York. The acting chief of the Institute’s Heart Information Center, Lealon E. 
Martin, Jr., read the statement. 

“The National Heart Institute,” Dr. Van Slyke’s paper said, “will provide a vehicle for 
federal support of research and training in cardiovascular diseases and for aid to the States in the 
development of community programs for the control of these diseases.” 

Because research is a major problem, the activities of the Heart Institute concerned with 
fostering research will be paramount, it was stated. Present plans call for branches in the In- 
stitute to administer its programs of intramural research and of research grants for construction, 
traineeships, and teaching. Since the Institute will utilize, in so far as is practicable, other units 
of the Public Health Service, grants for research projects and fellowships will be administered by 
the Division of Research Grants and Fellowships of the National Institute of Health, in coopera- 
tion with the National Heart Institute. This Division conducts the successfully functioning Pub- 
lic Health Service program of grants for research and fellowships in medical and allied fields. 

Other branches within the Heart Institute will administer its programs of information, sta- 
tistical analysis, and administrative and technical services. 

In the field of control activities, the Institute will be closely associated with the Bureau of 
State Services of the Public Health Service. This Bureau has the staff responsibility for various 
heart control programs, including assistance to States, demonstration studies, and epidemiological 
studies. Grants-in-aid to States are made through this Bureau and its States Relations Division 
to assist in establishing and maintaining adequate public health services. Demonstration pro- 
grams are conducted in cooperation with State and local health departments and other agencies 
to explore the potentialities of specific disease control methods, to perfect them so that the methods 
may be widely valuable, and to train health workers in the newly developed techniques. Two 
heart disease control programs are currently in progress, in Framingham and Newton, Mass., and 
present plans call for developing several other programs in other areas of the country with avail- 
able funds. 

Summing up, Dr. Van Slyke’s statement said: ‘The National Heart Institute, which 
has been established as one of the National Institutes of Health at Bethesda, Maryland, is the 
focal point of leadership for the total heart program of the Public Health Service.” 


1949 NATIONAL CAMPAIGN 


Final preparations are being made during January for the cooperation of local affiliated 
heart associations and committees in the Association’s 1949 National Campaign, February 7 
to 28. 

Intensified efforts have been made this year to win increased cooperation from business and 
service groups having networks of local membership units throughout the country. These 
efforts have so far met with a high measure of success. 

Through the National Association of Retail Druggists and the National Association of Chain 
Drug Stores, campaign posters and Plastic Hearts mounted on counter cards will appear even 
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more extensively this year on drug counters. Campaign kits supplied to drug stores also include 
educational literature, campaign window stickers, and ‘‘Save-A-Heart’’ banks for distribution 
to customers. The American Pharmaceutical Association is also assisting in the campaign. 

The Westinghouse Electric Supply Company has arranged to display Plastic Hearts and 
make use of Save-A-Heart Banks and other campaign materials through its 18,000 retail dealers 
and salesmen throughout the country. The General Electric Company, New York Central 
Railroad, Licensed Beverage Industries, Inc., National Retail Dry Goods Association, American 
Bankers Association, Lane Bryant, Inc., and Welcome Wagon Services also are helping to pro- 
mote the campaign. 

Service groups which are cooperating this year include the American Legion and American 
Legion Auxiliary, Kiwanis, Rotary and Lions Internationals, the Fraternal Order of Eagles, United 
States Junior Chambers of Commerce, and the National Federation of Business and Professional 
Women's Clubs. 

Expanded national publicity plans give assurance that the work of the Association and its 
local affiliates will become better known and more widely publicized this year than ever before. 

Transcribed appeals for support, for local radio use during the campaign, have been made 
by such entertainers as Bing Crosby, Frank Sinatra, Irene Dunne, Loretta Young, Arthur Godfrey, 
Ozzie and Harriet, Edwin C. Hill, John B. Kennedy, Ethel and Albert, and the Answer Man. 

Arrangements have been made for a movie trailer to be exhibited in theaters and by television 
during the campaign. 

To assist local groups in developing their regional promotional efforts, the national office 
has distributed a Catalogue of Campaign Materials, listing a wide variety of display material, 
collection aids, and printed matter. The material available includes Publicity, Radio, and 
Speakers’ Handbooks. 

New educational literature includes a brochure entitled, ‘‘The Heart of American Business,” 
which contains a ‘‘balance sheet"’ on heart disease and states the problem in terms which will 
interest the heads of business firms and corporations. A new booklet, ‘‘The Challenge of Heart 
Disease,"’ replaces ““One Out of Three”’ as a basic general presentation of the heart disease problem 
and the program of the Association. 


NEW LEADERS IN HEART CAMPAIGN 


Four Vice-Chairmen have been named to serve with William E. Cotter, Executive Vice- 
Chairman of the 1949 National Campaign. They are J. L. Holloway, President, Crane Company, 
Chicago; John A. McCone, President, Joshua Hendy Corporation, Los Angeles; John A. Steven- 
son, President, Penn Mutual Life Insurance Co., Philadelphia; and Charles E. Wilson, President, 
General Motors Corporation, Detroit. 

Bing Crosby has been named Chairman of National Heart Week, February 14-21. 

Sylvester L. Weaver, Jr., Vice-President of Young and Rubicam Advertising Agency, New 
York, has accepted the post of chairman of the Radio and Television Committee of the campaign. 

Raoul E. Desvernine, attorney, of Pruitt, Desvernine, Hale & Coursen, New York, heads 
the National Men’s Committee. ‘ 


COURSE IN ELECTROCARDIOGRAPHY 


A course in Electrocardiographic Interpretation for graduate physicians will be given at the 
Michael Reese Hospital Postgraduate School, Chicago, under the personal direction of Dr. Louis 
N. Katz, Director of Cardiovascular Research. The class will meet each Wednesday from 7:00 
p.M. to 9:00 p.m. for a period of twelve weeks beginning February 9, 1949. 


BRAZILIAN SOCIETY OF CARDIOLOGY 


The Sixth Annual Congress of the Brazilian Society of Cardiology will be held in July in 
Recife. . Officers for the current term include: Dr. Dante Pazzanese, President; Dr. Arnaldo 
Marques, Vice-President; and Dr. Roberto Menezes de Oliveira, Secretary General. Corre- 
spondence to the Society should be addressed to Avenida Mem de Sa, 197, Rio de Janeiro, Brazil. 


